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(54) Automatic transmission

(57)  Anautomatic transmission includes a planetary
gear arrangement, and a plurality of engaging elements
each arranged to vary an engagement state among the
rotating elements of the planetary gear arrangement in
such a manner to establish a normal gear ratio set and
an emergency gear ratio set excluded from the normal
gear ratio set. A control section of the automatic trans-
mission performs the following: selecting a gear from the
normal gear ratio set in accordance with a running state
of a vehicle under normal operating conditions; control-
ling the engagement state of each of the engaging ele-
ments in such a manner to shift into the selected gear;
detecting a failure in the engaging elements; selecting
an escape gear ratio set from the normal gear ratio set
and the emergency gear ratio set; and driving the vehicle
with the escape gear ratio set when a failure is detected
in the engaging elements.
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EP 1770 314 A2
Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to an automatic transmission, and more particularly to a process of
abnormality handling control at occurrence of a failure in engaging elements provided in the automatic transmission.
[0002] Japanese Patent Application Publication No. 2000-240785, henceforth referred to as "JP2000-240785", shows
a process of abnormality handling control for automatic transmission, which identifies an abnormal part or abnormal
engaging element based on comparison between a selected gear and an actual transmission gear ratio, and shifts into
an escape gear or backup gear in accordance with a state of the identified abnormal part.

[0003] On the other hand, Japanese Patent Application Publication No. 2003-49937, henceforth referred to as
"JP2003-49937", shows a process of escaping from an undesired interlock state of an automatic transmission. In order
to detect an abnormality due to stiction of a valve for regulating a hydraulic pressure supplied to each frictional engaging
element, the automatic transmission includes a signal-pressure-operated valve which operates in response to occurrence
of at least an abnormality in the hydraulic pressure supplied to one of the frictional engaging elements. The automatic
transmission also includes a hydraulic switch provided in downstream of the signal-pressure-operated valve to detect
a change in the hydraulic pressure due to operation of the signal-pressure-operated valve. When the hydraulic switch
detects a change in the hydraulic pressure, the hydraulic pressure of each engaging element is relieved in order to bring
the automatic transmission into a neutral state and thereby to escape from the interlock state.

SUMMARY OF THE INVENTION

[0004] Inrecentyears, there are proposed and developed various multiple-speed automatic transmissions, where the
number of gears is increasing and the number of planetary gears and the number of frictional engaging elements such
as clutches and brakes are also increasing in accordance with the number of gears. If the process disclosed in
JP2000-240785 is applied to such a multiple-speed automatic transmission, it is possible that the process cannot identify
an abnormal engaging element based on comparison between a selected gear and an actual transmission gear ratio.
In general, when an engaging element is incorrectly applied, for example, due to valve stiction, a gear in which the
incorrectly applied engaging element is actually applied under normal operating conditions may be used as an escape
gear. On the other hand, when an engaging element is incorrectly released, a gear in which the incorrectly released
engaging element is actually released under normal operating conditions may be used as an escape gear. However, in
case the abnormal engaging element is not identified as one of the engaging elements, it is necessary to use only a set
ofthe gears in which every possible incorrectly applied engaging elementis actually applied and every possible incorrectly
released engaging element is actually released. Accordingly, only a smaller number of gears can be used as an escape
gear ratio set. As a result, there is a possibility that it is impossible in the escape gear ratio set to provide an adequate
driving torque and safely carry out a fail-safe control process.

[0005] On the other hand, with the technique disclosed in JP2003-49937, there are provided a plurality of signal-
pressure-operated valves and a plurality of hydraulic switches in a hydraulic circuit which supplies hydraulic pressures
to frictional engaging elements in order to check whether an interlock state is present in the frictional engaging elements.
With the number of gears increasing, there are problems, such as, increase in the number of parts, increase in the size
of a control valve body, and complexity of the hydraulic circuit. Further, since the engaging element is not identified in
JP2003-49937, it is necessary to enter a neutral state when a failure occurs.

As aresult, there is a problem that the automatic transmission cannot provide a driving torque after occurrence of failures
and provide an ability to drive the vehicle. Accordingly, although the technique disclosed in JP2003-49937 may be able
to escape from an interlock state, it is possible that it provides only an inadequate or no driving torque in vehicle restart
after vehicle stop after occurrence of failures, resulting in adversely affecting the driving performance under failed
conditions.

[0006] Accordingly, itis an object of the present invention to provide an automatic transmission which reliably provides
an adequate driving torque in a set of escape gears even when a failure is present in engaging elements.

[0007] Accordingly, it is another object of the present invention to provide an automatic transmission which provides
an adequate driving torque, escaping from an interlock state even when it occurred.

[0008] According to one aspect of the present invention, an automatic transmission comprises: a planetary gear
arrangement including a plurality of rotating elements, and including an input rotating element adapted to be connected
to a driving source of a vehicle and an output rotating element adapted to be connected to a drive wheel set of the
vehicle; a plurality of engaging elements each arranged to vary an engagement state among the rotating elements of
the planetary gear arrangement in such a manner to establish a normal gear ratio set and an emergency gear ratio set
excluded from the normal gear ratio set; and a control section configured to perform the following: selecting a gear from
the normal gear ratio set in accordance with a running state of the vehicle under normal operating conditions; controlling
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the engagement state of each of the engaging elements in such a manner to shift into the selected gear; detecting a
failure in the engaging elements; selecting an escape gear ratio set from the normal gear ratio set and the emergency
gear ratio set; and driving the vehicle with the escape gear ratio set when the failure is detected.

[0009] According to another aspect of the invention, an automatic transmission comprises: a planetary gear arrange-
ment including a plurality of rotating elements, and including an input rotating element adapted to be connected to a
driving source of a vehicle and an output rotating element adapted to be connected to a drive wheel set of the vehicle;
a plurality of engaging elements each arranged to vary an engagement state among the rotating elements of the planetary
gear arrangement in such a manner to establish a normal gear ratio set and an emergency gear ratio set excluded from
the normal gear ratio set; and a control section configured to perform the following: selecting a gear from the normal
gear ratio set in accordance with a running state of the vehicle under normal operating conditions; controlling the en-
gagement state of each of the engaging elements in such a manner to shift into the selected gear; detecting a failure in
the engaging elements; selecting an escape gear from the emergency gear ratio set when the failure is detected; and
controlling the engagement state of each of the engaging elements in such a manner to shift into the escape gear when
the failure is detected.

[0010] According to a further aspect of the invention, a method of controlling an automatic transmission comprising:
a planetary gear arrangement including a plurality of rotating elements, and including an input rotating element adapted
to be connected to a driving source of a vehicle and an output rotating element adapted to be connected to a drive wheel
set of the vehicle; and a plurality of engaging elements each arranged to vary an engagement state among the rotating
elements of the planetary gear arrangement in such a manner to establish a normal gear ratio set and an emergency
gear ratio set excluded from the normal gear ratio set, comprises: selecting a gear from the normal gear ratio set in
accordance with a running state of the vehicle under normal operating conditions; controlling the engagement state of
each of the engaging elements in such a manner to shift into the selected gear; detecting a failure in the engaging
elements; selecting an escape gear ratio set from the normal gear ratio set and the emergency gear ratio set; and driving
the vehicle with the escape gear ratio set when the failure is detected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1is a skeleton diagram showing the construction of an automatic transmission provided in a first embod-
iment, which is adapted for a front-engine rear-drive automotive vehicle to establish seven forward gear ratios and one
reverse gear ratio.

[0012] FIG. 2 is a circuit diagram showing a hydraulic circuit of a control valve unit provided in the first embodiment.
[0013] FIG. 3is a schematic diagram showing the construction of a first pressure regulating valve provided in the first
embodiment.

[0014] FIG. 4 is a schematic diagram showing the construction of a first directional control valve provided in the first
embodiment.

[0015] FIG. 5 is a schematic diagram showing the construction of a second directional control valve provided in the
first embodiment.

[0016] FIG. 6 is a schematic diagram showing the construction of a third directional control valve provided in the first
embodiment.

[0017] FIG. 7 is a schematic diagram showing the construction of a fourth directional control valve provided in the first
embodiment.

[0018] FIG. 8is a diagram showing in tabular form a set of clutch and brake engagements required to establish each
of the seven forward gear ratios and the one reverse gear ratio in the automatic transmission provided in the first
embodiment.

[0019] FIG.9is a speed relationship diagram (lever diagram) showing the rotational speed of rotating elements of the
automatic transmission provided in the first embodiment when establishing each of the seven’ forward gear ratios and
one reverse gear ratio.

[0020] FIG. 10is a diagram showing in tabular form a set of operational states of solenoid valves required to establish
each of the seven forward gear ratios and the one reverse gear ratio in the automatic transmission provided in the first
embodiment.

[0021] FIG. 11 is a flow chart showing an outline of a process of failure detection and failure handling provided in the
first embodiment.

[0022] FIG. 12 is a flow chart showing a process of abnormality detection control provided in the first embodiment.
[0023] FIG. 13 is a flow chart showing a process of escape shift control provided in the first embodiment, which is
carried out when it is judged that an interlock-state failure is present in the automatic transmission.

[0024] FIG. 14 is adiagram showing in tabular form a relationship among each selected gear, each possible incorrectly
applied engaging element, a released engaging element corresponding to the selected gear, and a gear ratio established
under such a condition.
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[0025] FIG. 15is aspeed relationship diagram of the automatic transmission, in which an engaging-state failure occurs
in a 2346-brake provided in the automatic transmission to change the state of speed relationship of the automatic
transmission in first gear.

[0026] FIG. 16is aspeed relationship diagram of the automatic transmission, in which an engaging-state failure occurs
in a front brake provided in the automatic transmission to change the state of speed relationship of the automatic
transmission in second gear.

[0027] FIG. 17 is a diagram showing in tabular form a set of possible gear ratios established when a failure occurs in
each selected gear.

[0028] FIG. 18 is a flow chart showing a process of escape shift control provided in the first embodiment, which is
carried out when it is judged that an abnormal gear ratio failure is present in the automatic transmission.

[0029] FIG. 19 is a speed relationship diagram of the automatic transmission in 1-2 intermediate gear (1.5th gear) in
the first embodiment.

[0030] FIG. 20 is a speed relationship diagram of the automatic transmission in 2-3 intermediate gear (2.5th gear) in
the first embodiment.

[0031] FIG. 21 is a flow chart showing a process of escape shift control provided in the first embodiment, which is
carried out when it is judged that a neutral-state failure is present in the automatic transmission.

[0032] FIG. 22 is a speed relationship diagram of the automatic transmission, in which a neutral-state failure occurs
to change the state of speed relationship of the automatic transmission in fifth gear.

[0033] FIG. 23 is another speed relationship diagram of the automatic transmission, in which a neutral-state failure
occurs to change the state of speed relationship of the automatic transmission in fifth gear.

[0034] FIG. 24 is a speed relationship diagram of the automatic transmission, in which a neutral-state failure occurs
to change the state of speed relationship of the automatic transmission in sixth gear.

[0035] FIG. 25 is another speed relationship diagram of the automatic transmission, in which a neutral-state failure
occurs to change the state of speed relationship of the automatic transmission in sixth gear.

[0036] FIG. 26 is another speed relationship diagram of the automatic transmission, in which a neutral-state failure
occurs to change the state of speed relationship of the automatic transmission in sixth gear.

[0037] FIG. 27 is a speed relationship diagram of the automatic transmission, in which a neutral-state failure occurs
to change the state of speed relationship of the automatic transmission in seventh gear.

[0038] FIG. 28 is another speed relationship diagram of the automatic transmission, in which a neutral-state failure
occurs to change the state of speed relationship of the automatic transmission in seventh gear.

[0039] FIG. 29 is another speed relationship diagram of the automatic transmission, in which a neutral-state failure
occurs to change the state of speed relationship of the automatic transmission in seventh gear.

[0040] FIG. 30 is a flow chart showing a process of abnormality identification control and abnormality handling shift
control provided in the first embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0041] In the following description, gears (gear ratios) of a transmission are described as "low", "lower", "high", or
"higher". These terms are used to express the magnitude of output speed with respect to input speed in respective gears
(gear ratios), not to express the value of their transmission gear ratio, i.e. the value of the ratio of input speed with respect
to output speed in respective gears.

Forexample, third gear (third gear ratio) is lower in speed than fifth gear (fifth gear ratio), whereas the value of transmission
gear ratio of third gear is larger or higher than that of fifth gear. FIG. 1 is a skeleton diagram showing the construction
of an automatic transmission provided in a first embodiment, which is adapted for a front-engine rear-drive automotive
vehicle to establish seven forward gear ratios and one reverse gear ratio. FIG. 1 also shows the system configuration
of the automatic transmission. As shown in FIG. 1, the automatic transmission provided in the first embodiment is drivingly
connected to an engine EG as a driving source via a torque converter TC equipped with a lock-up clutch LUC. Engine
EG outputs a torque to drive a pump impeller of torque converter TC and a torque to drive an oil pump OP. In torque
converter TC, the driven rotation of the pump impeller stirs an oil to transmit a torque to a turbine runner via a stator,
and thereby to drive an input shaft INPUT as an input rotating element. The automatic transmission includes an engine
control unit (ECU) 10 configured to control a driving state of engine EG, an automatic transmission control unit (ATCU)
20 configured to control a state of transmission of the automatic transmission, and a control valve unit (CVU) 30 configured
to control a hydraulic pressure for each engaging element in accordance with an outputted control signal from ATCU
20. ATCU 20 and CVU 30 serve as a gear shift control section. ECU 10 and ATCU 20 are connected to each other via
a CAN (computer area network) communication line, sharing sensor information and control information by signal com-
munication.

[0042] ECU 10 is electrically connected to an accelerator pedal opening sensor 1 configured to measure an amount
of driver’s operation of an accelerator pedal, and also electrically connected to an engine speed sensor 2 configured to
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measure the output speed of engine EG. ECU 10 controls a fuel injection quantity and a throttle opening based on the
engine speed and the accelerator pedal opening, and thereby controls the engine output speed and engine output torque.
[0043] ATCU 20 is electrically connected to a first turbine speed sensor 3 configured to measure the rotational speed
of a below-described first planet-pinion carrier PC1, a second turbine speed sensor 4 configured to measure the rotational
speed of a below-mentioned first ring gear R1, an output shaft speed sensor 5 configured to measure the rotational
speed of a below-mentioned output shaft OUTPUT, and an inhibitor switch 6 configured to identify an operating state
of a shift lever. The shift lever has range positions P (parking), R (reverse), N (neutral), a normal forward drive range D
with which the automatic transmission is subjected to no engine braking, and an engine-braking range with which the
automatic transmission is subjected to engine braking.

[0044] ATCU 20includes a below-described input speed computing section configured to compute the rotational speed
of input shaft INPUT, and a gear shift control section configured to select an optimal gear from the seven forward gear
ratios by map-retrieving based on accelerator pedal opening APO and a vehicle speed Vsp which is computed based
on a sensing signal from output shaft speed sensor 5, and to output a control command signal to CVU 30 to establish
the selected gear.

[0045] <Mechanical construction of the automatic transmission> The following describes the mechanical construction
of the automatic transmission. The automatic transmission includes a first planetary gear arrangement GS1 nearer to
input shaft INPUT on its input side (on the left side of FIG. 1) and a second planetary gear arrangement GS2 nearer to
output shaft OUTPUT on its output side (on the right side of FIG. 1), which are arranged in a transmission housing H1
as a stationary rotating element. First planetary gear arrangement GS1 includes a first planetary gear G1 and a second
planetary gear G2, while second planetary gear arrangement GS2 includes a third planetary gear G3 and a fourth
planetary gear G4. The automatic transmission also includes a plurality of frictional engaging elements within transmission
housing H1, that is, includes an input clutch C1, a direct clutch C2, a H&LR clutch C3, a front brake B1, a low brake B2,
a 2346-brake B3, and a reverse brake B4. The automatic transmission further includes a first one-way clutch F1 and a
second one-way clutch F2 in transmission housing H1.

[0046] First planetary gear G1 is a simple planetary gear or single-pinion planetary gear, including a first sun gear S1,
a first ring gear R1, and a first planet-pinion carrier PC1 carrying a first planet pinion set P1 in meshing contact with first
sun gear S1 and with first ring gear R1. Second planetary gear G2 is a simple planetary gear, including a second sun
gear S2, a second ring gear R2, and a second planet-pinion carrier PC2 carrying a second planet pinion set P2 in
meshing contact with second sun gear S2 and with second ring gear R2. Third planetary gear G3 is a simple planetary
gear, including a third sun gear S3, a third ring gear R3, and a third planet-pinion carrier PC3 carrying a third planet
pinion set P3 in meshing contact with third sun gear S3 and with third ring gear R3. Fourth planetary gear G4 is a simple
planetary gear, including a fourth sun gear S4, a fourth ring gear R4, and a fourth planet-pinion carrier PC4 carrying a
fourth planet pinion set P4 in meshing contact with fourth sun gear S4 and with fourth ring gear R4.

[0047] Input shaft INPUT is drivingly connected to second ring gear R2 to transmit a driving torque from engine EG
to second ring gear R2 via torque converter TC, etc, while output shaft OUTPUT is drivingly connected to third planet-
pinion carrier PC3 to transmit a driving torque from third planet-pinion carrier PC3 to a drive wheel set not shown via a
final gear not shown.

[0048] Some of the rotating elements of the four planetary gears are interconnected via three connection members,
i.e. afirst connection member M1, a second connection member M2, and a third connection member M3. First connection
member M1 solidly couples first ring gear R1, second planet-pinion carrier PC2, and fourth ring gear R4. Second
connection member M2 solidly couples third ring gear R3, and fourth planet-pinion carrier PC4. Third connection member
M3 solidly couples first sun gear S1, and second sun gear S2.

[0049] Asdescribed above, first planetary gear arrangement GS1includes first planetary gear G1 and second planetary
gear G2 which are interconnected via first connection member M1 and via third connection member M3, so that first
planetary gear arrangement GS1 includes four independent rotating elements. On the other hand, second planetary
gear arrangement GS2 includes third planetary gear G3 and fourth planetary gear G4 which are interconnected via
second connection member M2, so that second planetary gear arrangement GS2 includes five independent rotating
elements.

[0050] First planetary gear arrangement GS1 includes a path for torque transmission between input shaft INPUT and
second ring gear R2. The torque inputted to first planetary gear arrangement GS1 is outputted to second planetary gear
arrangement GS2 via first connection member M1. Second planetary gear arrangement GS2 includes a path for torque
transmission between input shaft INPUT and second connection member M2, and a path for torque transmission between
first connection member M1 and fourth ring gear R4. The torque inputted to second planetary gear arrangement GS2
is outputted to output shaft OUTPUT via third planet-pinion carrier PC3. With H&LR clutch C3 released, second one-
way clutch F2 inhibits a relative forward rotation of third sun gear S3 with respect to fourth sun gear S4. While the
rotational speed of fourth sun gear S4 exceeds the rotational speed of third sun gear S3, third planetary gear G3 and
fourth planetary gear G4 have independent gear ratios, connected to each other via second connection member M2.
[0051] Inputclutch C1 selectively connects and disconnects (engages and disengages) input shaft INPUT and second
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connection member M2. Direct clutch C2 selectively connects and disconnects fourth sun gear S4 and fourth planet-
pinion carrier PC4. H&LR clutch C3 selectively connects and disconnects third sun gear S3 and fourth sun gear S4.
Second one-way clutch F2 is disposed between third sun gear S3 and fourth sun gear S4.

[0052] Frontbrake Bl selectively holds stationary against rotation first planet-pinion carrier PC1 to transmission housing
H1 and releases first planet-pinion carrier PC1 from transmission housing H1. First one-way clutch F1 is arranged in
parallel with front brake B1. Low brake B2 selectively holds stationary against rotation and releases third sun gear S3.
2346-brake B3 selectively holds stationary against rotation and releases third connection member M3 (first sun gear S1
and second sun gear S2). Reverse brake B4 selectively holds stationary against rotation and releases fourth planet-
pinion carrier PC4.

[0053] <Computation of the turbine speed> In consideration that input shaft INPUT is connected to second ring gear
R2, and that first planetary gear arrangement GS1 comprises first planetary gear G1 and second planetary gear G2
which are interconnected via the two connection members, the input speed computing section of ATCU 20 is configured
to determine the rotational speed of input shaft INPUT by a computing process using the sensing signals from first turbine
speed sensor 3 and second turbine speed sensor 4. Specifically, the input speed is calculated using the following equation:

N(R2) = (1+1/B)-N(PC2) - (1/B)-N(PC1)

where:

N(PC1) represents the rotational speed of first planet-pinion carrier PC1;

N(PC2) represents the rotational speed of second planet-pinion carrier PC2;

N(R2) represents the rotational speed of second ring gear R2; and

B represents the gear ratio between first ring gear R1 (second planet-pinion carrier PC2) and first planet-pinion
carrier PC1, normalized by the gear ratio between second ring gear R2 and second planet-pinion carrier PC2 (first
ring gear R1) as shown in the speed relationship diagram of FIG. 9.

The rotational speed of second planet-pinion carrier PC2 is detected by first turbine speed sensor 3, while the rotational
speed of first planet-pinion carrier PC1 is detected by second turbine speed sensor 4 which detects the rotational speed
of a sensing target member 63 coupled to first planet-pinion carrier PC1. Thus, the rotational speed of second ring gear
R2 (the rotational speed of input shaft INPUT, referred to as "turbine speed"”) is obtained.

[0054] <Construction of the control valve unit> FIG. 2 is a circuit diagram showing a hydraulic circuit of CVU 30. The
hydraulic circuit includes oil pump OP which is driven by engine EG to serve as a source of hydraulic pressure, a manual
valve MV which is operated in response to operation of the shift lever to direct a line pressure PL, and a pilot valve PV
which decompresses the line pressure to a predetermined constant pressure.

[0055] The hydraulic circuit includes a first pressure regulating valve CV1 which regulates the apply pressure of low
brake B2, a second pressure regulating valve CV2 which regulates the apply pressure of input clutch C1, a third pressure
regulating valve CV3 which regulates the apply pressure of front brake B1, a fourth pressure regulating valve CV4 which
regulates the apply pressure of H&RL clutch C3, afifth pressure regulating valve CV5 which regulates the apply pressure
of 2346-brake B3, and a sixth pressure regulating valve CV6 which regulates the apply pressure of direct clutch C2.
[0056] The hydraulic circuitincludes a first directional control valve SV1 which provides fluid communication selectively
in a first path between low brake B2 and a fluid supply passage and in a second path between input clutch C1 and a
fluid supply passage, a second directional control valve SV2 which provides fluid communication selectively in a first
path between direct clutch C2 and a supply fluid passage of a D range pressure and in a second path between direct
clutch C2 and a supply fluid passage of an R range pressure, a third directional control valve SV3 which provides fluid
communication selectively in a first path between reverse brake B4 and a supply fluid passage from sixth pressure
regulating valve CV6 and in a second path between reverse brake B4 and a supply fluid passage of the R range pressure,
and a fourth directional control valve SV4 which provides fluid communication selectively in a first path between direct
clutch C2 and a fluid supply passage from sixth pressure regulating valve CV6 and in a second path between reverse
brake B4 and sixth pressure regulating valve CV6.

[0057] The hydraulic circuit includes a first solenoid valve SOL1, a second solenoid valve SOL2, a third solenoid valve
SOL3, a fourth solenoid valve SOL4, a fifth solenoid valve SOL5, a sixth solenoid valve SOL6, and a seventh solenoid
valve SOL7, each of which operates in response to a control signal from ATCU 20. First solenoid valve SOL1 is configured
to output a pressure regulating signal to first pressure regulating valve CV1. Second solenoid valve SOL2 is configured
to output a pressure regulating signal to second pressure regulating valve CV2. Third solenoid valve SOL3 is configured
to output a pressure regulating signal to third pressure regulating valve CV3. Fourth solenoid valve SOL4 is configured
to output a pressure regulating signal to fourth pressure regulating valve CV4. Fifth solenoid valve SOL5 is configured
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to output a pressure regulating signal to fifth pressure regulating valve CV5. Sixth solenoid valve SOLS6 is configured to
output a pressure regulating signal to sixth pressure regulating valve CV6. Seventh solenoid valve SOL7 is configured
to output switching signals to first directional control valve SV1 and third directional control valve SV3. Of these, solenoid
valve SOL2, SOL5 and SOL6 are three-way proportional electromagnetic valves, each of which includes a first port to
receive the pilot pressure, a second port connected to a drain circuit, and a third port connected to a receiver section of
an associated one of the pressure regulating valves. Solenoid valves SOL1, SOL3, and SOL4 are two-way proportional
electromagnetic valves, each of which includes a first port to receive the pilot pressure, and a third port connected to a
receiver section of an associated one of the pressure regulating valves. Seventh solenoid valve SOL7 is a three-way
on-off electromagnetic valve, including a first port to receive the pilot pressure, a second port connected to a drain
passage, and a third port connected to a receiver section of first directional control valve SV1 and third directional control
valve SV3. First solenoid valve SOL1, third solenoid valve SOL3, fifth solenoid valve SOL5 and seventh solenoid valve
SOL?7 are of a normally closed type (opened while energized and closed while de-energized), while second solenoid
valve SOL2, fourth solenoid valve SOL4 and sixth solenoid valve SOL6 are of a hormally open type (opened while de-
energized and closed while energized).

[0058] <Fluid passage construction> The discharge pressure of oil pump OP driven by engine EG is regulated as line
pressure PL, and then supplied to fluid passage 101 and fluid passage 102 via fluid passage 100. Fluid passage 101 is
connected to a fluid passage 101a connected to manual valve MV which operates in synchronization with the shift lever
operation of a driver, to a fluid passage 101b which supplies a base pressure for the apply pressure of front brake B1,
and to a fluid passage 101c which supplies a base pressure for the apply pressure of H&LR clutch C3. Manual valve
MV is hydraulically connected to a fluid passage 105, and a fluid passage 106 which supplies the R range pressure in
reverse gear, and is operated to direct the line pressure selectively to fluid passage 105 or fluid passage 106 in accordance
with gearshift operation. Fluid passage 105 is connected to a fluid passage 105a which supplies a base pressure for
the apply pressure of low brake B2, a fluid passage 105b which supplies a base pressure for the apply pressure of input
clutch C1, a fluid passage 105c which supplies a base pressure for the apply pressure of 2346-brake B3, a fluid passage
105d which supplies a base pressure for the apply pressure of direct clutch C2, and a fluid passage 105e which supplies
a switching pressure for second directional control valve SV2. Fluid passage 106 is connected to a fluid passage 106a
which supplies a switching pressure for second directional control valve SV2, a fluid passage 106b which supplies a
base pressure for the apply pressure of direct clutch C2, and a fluid passage 106¢ which supplies the apply pressure
of reverse brake B4. Fluid passage 102 is connected via pilot valve PV to a fluid passage 103 which supplies the pilot
pressure. Fluid passage 103 is connected to a fluid passage 103a which supplies the pilot pressure to first solenoid
valve SOL1, a fluid passage 103b which supplies the pilot pressure to second solenoid valve SOL2, a fluid passage
103c¢ which supplies the pilot pressure to third solenoid valve SOL3, a fluid passage 103d which supplies the pilot
pressure to fourth solenoid valve SOL4, a fluid passage 103e which supplies the pilot pressure to fifth solenoid valve
SOLS5, a fluid passage 103 which supplies the pilot pressure to sixth solenoid valve SOL6, and a fluid passage 103g
which supplies the pilot pressure to seventh solenoid valve SOL7.

[0059] FIG. 3 is a schematic diagram showing the construction of first pressure regulating valve CV1. As shown in
FIG. 3, first pressure regulating valve CV1 includes a first port al connected to fluid passage 105a, a second port a2
connected to the drain circuit, a third port a3 connected to fluid passage 115a connected to first directional control valve
SV1, a fourth port a4 to receive a signal pressure from first solenoid valve SOL1, a fifth port a5 connected to a passage
branched from fluid passage 115a to receive a pressure opposed to the signal pressure of fourth port a4, and a first
spring a6 which acts against the signal pressure. In FIG. 3, when first pressure regulating valve CV1 is displaced upward
to an established upward position, fluid communication is allowed between fluid passage 105a and fluid passage 115a.
Conversely, when first pressure regulating valve CV1 is displaced downward to an established downward position, fluid
communication is allowed between fluid passage 115a and the drain circuit. Pressure regulating valves CV2, CV3, CV4,
CV5 and CV6 are similarly constructed as first pressure regulating valve CV1, including the ports al, a2, a3, a4 and a5,
and spring a6.

[0060] FIG. 4 is a schematic diagram showing the construction of first directional control valve SV1. As shown in FIG.
4, first directional control valve SV1 includes a first port b1 connected to fluid passage 115a, a second port b2 connected
to the drain circuit, and a third port b3 connected to fluid passage 115b, a fourth port b4 connected to the drain circuit,
and a fifth port b5 connected to fluid passage 150a which supplies a hydraulic pressure to low brake B2, a sixth port b6
connected to fluid passage 150b which supplies a hydraulic pressure to input clutch C1, a seventh port b7 connected
to fluid passage 140b which supplies the signal pressure from seventh solenoid valve SOL7, and a spring b8 which acts
against the signal pressure supplied to seventh port b7. In FIG. 4, when first directional control valve SV1 is displaced
leftward to an established left position, fluid communication is allowed between fluid passage 115a and fluid passage
150a, while fluid communication is allowed between fluid passage 150b and the drain circuit. Conversely, when first
directional control valve SV1 is displaced rightward to an established right position, fluid communication is allowed
between fluid passage 150a and the drain circuit, while fluid communication is allowed between fluid passage 115b and
fluid passage 150b.
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[0061] FIG. 5is a schematic diagram showing the construction of second directional control valve SV2. As shown in
FIG. 5, second directional control valve SV2 includes a first port c1 connected to fluid passage 105d which supplies the
D range pressure, a second port c2 connected to fluid passage 106d which supplies the R range pressure, a third port
¢3 connected to fluid passage 120 which supplies hydraulic pressure to sixth pressure regulating valve CV6, a fourth
port ¢4 connected to fluid passage 105e which supplies the D range pressure, a fifth port ¢5 connected to fluid passage
106a which supplies the R range pressure, and a spring c6 which acts against the hydraulic pressure supplied to the
fourth port c4. In FIG. 5, when second directional control valve SV2 is displaced rightward to an established right position,
fluid communication is allowed between fluid passage 106b and fluid passage 120. Conversely, when second directional
control valve SV2 is displaced leftward to an established left position, fluid communication is allowed between fluid
passage 105d and fluid passage 120.

[0062] FIG. 6 is a schematic diagram showing the construction of third directional control valve SV3. As shown in FIG.
6, third directional control valve SV3 includes a first port d1 connected to fluid passage 122 which supplies the hydraulic
pressure from fourth directional control valve SV4, a second port d2 connected to fluid passage 106¢c which supplies
the R range pressure, a third port d3 connected to fluid passage 130 which supplies hydraulic pressure to reverse brake
B4, and a fourth port d4 connected with fluid passage 140a which supplies the signal pressure of valve SOL7, and a
spring d5 which acts against the hydraulic pressure supplied to fourth port d4. In FIG. 6, when third directional control
valve SV3 is displaced rightward to an established right position, fluid communication is allowed between fluid passage
106c¢ and fluid passage 130. Conversely, when third directional control valve SV3 is displaced leftward to an established
left position, fluid communication is allowed between fluid passage 122 and fluid passage 130.

[0063] FIG. 7 is a schematic diagram showing the construction of fourth directional control valve SV4. As shown in
FIG. 7, fourth directional control valve SV4 includes a first port el connected with fluid passage 121 which supplies the
hydraulic pressure from sixth pressure regulating valve CV6, a second port e2 connected to the drain circuit, a third port
e3 connected to the drain circuit, a fourth port e4 which receives the R range pressure, a fifth port e5 which receive the
D range pressure, a spring e6 which acts against the hydraulic pressure supplied to the fourth port e4, a seventh port
e7 connected to fluid passage 122, and an eighth port e8 connected to fluid passage 123. In FIG. 7, when fourth directional
control valve SV4 is displaced rightward to an established right position, fluid communication is allowed between fluid
passage 121 and fluid passage 123 while fluid communication is allowed between fluid passage 122 and the drain circuit.
Conversely, when fourth directional control valve SV4 is displaced leftward to an established left position, fluid commu-
nication is allowed between fluid passage 121 and fluid passage 122, while fluid communication is allowed between
fluid passage 123 and the drain circuit.

[0064] As shown in the clutch and brake engagement operation table of FIG. 8, the apply pressure (indicated by open
circles) and the release pressure (indicated by blank) are supplied to clutches C1, C2 and C3 and brakes B1, B2, B3
and B4 to establish each of the seven forward gear ratios and one reverse gear ratio under normal operating conditions.
[0065] <Gear shift operation> The following describes gear shift operation of the automatic transmission. FIG. 8 is a
diagram showing in tabular form a set of clutch and brake engagements required to establish each of the seven forward
gear ratios and the one reverse gear ratio in the automatic transmission provided in the first embodiment.

FIG. 9 is a speed relationship diagram (lever diagram) showing the rotational speed of rotating elements of the automatic
transmission provided in the first embodiment when establishing each of the seven forward gear ratios and one reverse
gear ratio. FIG. 10 is a diagram showing in tabular form a set of operational states of solenoid valves required to establish
each of the seven forward gear ratios and the one reverse gear ratio in the automatic transmission provided in the first
embodiment.

[0066] <First gear> In first gear, two different sets of engaging elements are applied under engine braking (when the
engine braking range is selected) and under no engine braking (when the normal forward drive range is selected),
respectively. In engine braking range first gear, front brake B1, low brake B2 and H&LR clutch C3 are applied as shown
by a set of open circles including those enclosed by parentheses in FIG. 8. First one-way clutch F1, which is provided
in parallel with front brake B1, and second one-way clutch F2, which is provided in parallel with H&LR clutch C3, also
serve for torque or power transmission. In normal drive range first gear, low brake B2 is applied, and front brake B1 and
H&LR clutch C3 are released, where the torque or power is transmitted by first one-way clutch F1 and second one-way
clutch F2.

[0067] In first gear, front brake B1 is applied in the engine braking range, or first planet-pinion carrier PC1 is held
stationary by first one-way clutch F1 in the normal drive range. Under this condition, the rotation inputted from input shaft
INPUT into second ring gear R2 is slowed down by first planetary gear arrangement GS1. The slowed-down rotation is
transmitted from first planetary gear arrangement GS1 to fourth ring gear R4 of second planetary gear arrangement
GS2 viafirst connection member M1. On the other hand, low brake B2 and H&LR clutch C3 are applied in engine braking
range first gear, or low brake B2 and second one-way clutch F2 are applied in normal drive range first gear. Under this
condition, the rotation inputted into fourth ring gear R4 is slowed down by second planetary gear arrangement GS2, and
is outputted from third planet-pinion carrier PC3 to output shaft OUTPUT.

[0068] Inthe speed relationship diagram of FIG. 9, first gear is defined by the engagement point of front brake B1 to
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define how the input speed from engine is reduced in first planetary gear arrangement GS1, and is defined by the
engagement point of low brake B2 to define how the slowed-down rotation from first planetary gear arrangement GS1
is further slowed down in second planetary gear arrangement GS2. Thus, the rotation inputted from input shaft INPUT
is slowed down and outputted from output shaft OUTPUT. Herein, an engagement point is defined as a point which
indicates the rotational speed of a rotating element associated with a subject engaging element when the engaging
element is applied.

[0069] Infirst gear, the torque or power flows through front brake B1 (or first one-way clutch F1), low brake B2, H&LR
clutch C3 (or second one-way clutch F2), first connection member M1, second connection member M2, and third con-
nection member M3. Thus, first planetary gear arrangement GS1 and second planetary gear arrangement GS2 serve
for torque transmission.

[0070] As shown in the solenoid valve operation table of FIG. 10, in normal drive range first gear, first, second, third,
sixth and seventh solenoid valves SOL1, SOL2, SOL3, SOL6 and SOL7 are energized to be ON and the remaining
solenoid valves are de-energized to be OFF, to supply the apply pressures to a desired set of engaging elements. When
seventh solenoid valve SOL7 is ON, first directional control valve SV1 is displaced leftward in FIG. 2 so that fluid
communication is allowed between first pressure regulating valve CV1 and low brake B2 while input clutch C1is connected
to the drain circuit. This is effective for preventing an interlock state failure therebetween. On the other hand, second
directional control valve SV2 is displaced leftward in FIG. 2, receiving the D range pressure at fourth port c4. Upon this,
fluid communication is allowed between first port c1 and third port c3 of second directional control valve SV2 so that the
D range pressure acts on sixth pressure regulating valve CV6. At this time, sixth pressure regulating valve CV6 is
displaced downward in FIG. 2. As aresult, the D range pressure is not supplied to direct clutch C2 nor to fourth directional
control valve SV4. Fourth directional control valve SV4 is displaced rightward, receiving the D range pressure, to allow
fluid communication between fluid passages 121 and 123 but not to serve for engagement of direct clutch C2. Third
directional control valve SV3 is displaced leftward, receiving the signal pressure at fourth port d4 from seventh solenoid
valve SOL7. Upon this, although fluid communication is allowed between first port d1 and third port d3 in third directional
control valve SV3, no hydraulic pressure is supplied to fluid passage 122, and thereby no hydraulic pressure is supplied
to reverse brake B4.

[0071] <Second gear> In second gear, two different sets of engaging elements are applied under engine braking
(when the engine braking range is selected) and under no engine braking (when the normal forward drive range is
selected), respectively, similarly as in the case of first gear. In engine braking range second gear, low brake B2, 2346-
brake B3 and H&LR clutch C3 are applied as shown by a set of open circles including those enclosed by parentheses
inFIG. 8. Second one-way clutch F2, which is provided in parallel with H&LR clutch C3, also serves for torque transmission.
In normal drive range second gear, low brake B2 and 2346-brake B3 are applied, and H&LR clutch C3 is released,
where the torque or power is transmitted by second one-way clutch F2.

[0072] In second gear, with 2346-brake B3 applied, the rotation inputted from input shaft INPUT into second ring gear
R2 is slowed down only by second planetary gear G2 in first planetary gear arrangement GS1. The slowed-down rotation
is transmitted from first planetary gear arrangement GS1 to fourth ring gear R4 of second planetary gear arrangement
GS2 viafirst connection member M1. On the other hand, low brake B2 and H&LR clutch C3 are applied in engine braking
range second gear, or low brake B2 and second one-way clutch F2 are applied in normal drive range second gear.
Under this condition, the rotation inputted into fourth ring gear R4 is slowed down by second planetary gear arrangement
GS2, and is outputted from third planet-pinion carrier PC3 to output shaft OUTPUT.

[0073] In the speed relationship diagram of FIG. 9, second gear is defined by the engagement point of 2346-brake
B3 to define how the input speed from engine is reduced in first planetary gear arrangement GS1, and is defined by the
engagement point of low brake B2 to define how the slowed-down rotation from first planetary gear arrangement GS1
is further slowed down in second planetary gear arrangement GS2. Thus, the rotation inputted from input shaft INPUT
is slowed down and outputted from output shaft OUTPUT.

[0074] In second gear, the torque or power flows through 2346-brake B3, low brake B2, H&LR clutch C3 (or second
one-way clutch F2), first connection member M1, second connection member M2, and third connection member M3.
Thus, second planetary gear G2 and second planetary gear arrangement GS2 serve for torque transmission.

[0075] The upshift from first gear into second gear is implemented by releasing front brake B1 in advance, and then
starting to apply 2346-brake B3, so that first one-way clutch F1 is released after the torque capacity of 2346-brake B3
is fully obtained. This operation is effective for enhancing the accuracy of the gear shift sequence or timings.

[0076] As shown in the solenoid valve operation table of FIG. 10, in hormal drive range second gear, first, second,
fifth, sixth and seventh solenoid valves SOL1, SOL2, SOL5, SOL6 and SOL7 are energized to be ON and the remaining
solenoid valves are de-energized to be OFF, to supply the apply pressures to a desired set of engaging elements. When
seventh solenoid valve SOL7 is ON, first directional control valve SV1 is displaced leftward in FIG. 2 so that fluid
communication is allowed between first pressure regulating valve CV1 and low brake B2 while input clutch C1is connected
to the drain circuit. This is effective for preventing an interlock state failure therebetween. On the other hand, second
directional control valve SV2 is displaced leftward in FIG. 2, receiving the D range pressure at fourth port c4. Upon this,
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fluid communication is allowed between first port c1 and third port c3 of second directional control valve SV2 so that the
D range pressure acts on sixth pressure regulating valve CV6. At this time, sixth pressure regulating valve CV6 is
displaced downward in FIG. 2. As aresult, the D range pressure is not supplied to direct clutch C2 nor to fourth directional
control valve SV4. Third directional control valve SV3 is displaced leftward, receiving the signal pressure at fourth port
d4 from seventh solenoid valve SOL7. Upon this, although fluid communication is allowed between first port d1 and third
port d3 in third directional control valve SV3, no hydraulic pressure is supplied to fluid passage 122, and thereby no
hydraulic pressure is supplied to reverse brake B4.

[0077] <Third gear> In third gear, low brake B2, 2346-brake B3 and direct clutch C2 are applied as shown by a set of
open circles in FIG. 8.

[0078] In third gear, with 2346-brake B3 applied, the rotation inputted from input shaft INPUT into second ring gear
R2 is slowed down by second planetary gear G2 in first planetary gear arrangement GS1. This slowed-down rotation is
transmitted from first planetary gear arrangement GS1 to fourth ring gear R4 of second planetary gear arrangement
GS2 via first connection member M1. On the other hand, with direct clutch C2 applied, the rotating elements of fourth
planetary gear G4 rotate as a unit. Further, with low brake B2 applied, the rotation fourth planet-pinion carrier PC4 which
is rotating as a unit with fourth ring gear R4 is inputted to third ring gear R3 via second connection member M2, is slowed
down by third planetary gear G3, and is outputted from third planet-pinion carrier PC3 to output shaft OUTPUT. Thus,
fourth planetary gear G4 does not serve for speed reduction, although serving for torque transmission.

[0079] In the speed relationship diagram of FIG. 9, third gear is defined by the engagement point of 2346-brake B3
to define how the input speed from engine is reduced in first planetary gear arrangement GS1, and is defined by the
engagement point of low brake B2 to define how the slowed-down rotation from first planetary gear arrangement GS1
is further slowed down in second planetary gear arrangement GS2. Thus, the rotation inputted from input shaft INPUT
is slowed down and outputted from output shaft OUTPUT.

[0080] In third gear, the torque or power flows through 2346-brake B3, low brake B2, direct clutch C2, first connection
member M1, second connection member M2, and third connection member M3. Thus, second planetary gear G2 and
second planetary gear arrangement GS2 serve for torque transmission.

[0081] The upshift from second gear to third gear is implemented by releasing H&LR clutch C3 in advance, and then
starting to apply direct clutch C2, so that second one-way clutch F2 is released after the torque capacity of direct clutch
C2 is fully obtained. This operation is effective for enhancing the accuracy of the gear shift sequence or timings.
[0082] As shown in the solenoid valve operation table of FIG. 10, in third gear, first, second, fourth, fifth and seventh
solenoid valves SOL1, SOL2, SOL4, SOL5 and SOL7 are energized to be ON and the remaining solenoid valves are
de-energized to be OFF, to supply the apply pressures to a desired set of engaging elements. When seventh solenoid
valve SOL7 is ON, first directional control valve SV1 is displaced leftward in FIG. 2 so that fluid communication is allowed
between first pressure regulating valve CV1 and low brake B2 while input clutch C1 is connected to the drain circuit.
This is effective for preventing an interlock state failure therebetween. On the other hand, second directional control
valve SV2 is displaced leftward in FIG. 2, receiving the D range pressure at fourth port c4. Sixth pressure regulating
valve CV6 is displaced upward in FIG. 2. As a result, a regulated hydraulic pressure is supplied to fourth directional
control valve SV4. Fourth directional control valve SV4 is displaced rightward, receiving the D range pressure, to allow
fluid communication between fluid passages 121 and 123 and to connectfluid passage 122 to the drain circuit. Accordingly,
a hydraulic pressure is supplied to direct clutch C2 while no hydraulic pressure is supplied to third directional control
valve SV3 via fluid passage 122. Third directional control valve SV3 is displaced leftward, receiving the signal pressure
at fourth port d4 from seventh solenoid valve SOL7. Upon this, although fluid communication is allowed between first
port d1 and third port d3 in third directional control valve SV3, no hydraulic pressure is supplied to fluid passage 122,
and thereby no hydraulic pressure is supplied to reverse brake B4.

[0083] <Fourth gear> In fourth gear, 2346-brake B3, direct clutch C2 and H&LR clutch C3 are applied as shown by a
set of open circles in FIG. 8.

[0084] In fourth gear, with 2346-brake B3 applied, the rotation inputted from input shaft INPUT into second ring gear
R2 is slowed down only by second planetary gear G2 in first planetary gear arrangement GS1. The slowed-down rotation
is transmitted from first planetary gear arrangement GS1 to fourth ring gear R4 of second planetary gear arrangement
GS2 via first connection member M1. On the other hand, with direct clutch C2 and H&LR clutch C3 applied, the rotating
elements of second planetary gear arrangement GS2 rotate as a unit. Under this condition, the rotation inputted into
fourth ring gear R4 is outputted without speed reduction from third planet-pinion carrier PC3 to output shaft OUTPUT.
[0085] In the speed relationship diagram of FIG. 9, fourth gear is defined by the engagement point of 2346-brake B3
to define how the input speed from engine is reduced in first planetary gear arrangement GS1, and is defined by the
line connecting the engagement point of direct clutch C2 and the engagement point of H&LR clutch C3 to define that
the slowed-down rotation transmitted from second planetary gear G2 is outputted without speed reduction. Thus, the
rotation inputted from input shaft INPUT is slowed down and outputted from output shaft OUTPUT.

[0086] In fourth gear, the torque or power flows through 2346-brake B3, direct clutch C2, H&LR clutch C3, first con-
nection member M1, second connection member M2, and third connection member M3. Thus, second planetary gear
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G2 and second planetary gear arrangement GS2 serve for torque transmission.

[0087] As shown inthe solenoid valve operation table of FIG. 10, in fourth gear, second and fifth solenoid valves SOL2
and SOLS5 are energized to be ON and the remaining solenoid valves are de-energized to be OFF, to supply the apply
pressures to a desired set of engaging elements. When seventh solenoid valve SOL7 is OFF, first directional control
valve SV1 is displaced rightward in FIG. 2 so that fluid communication is allowed between second pressure regulating
valve CV2 and input clutch C1 while low brake B2 is connected to the drain circuit. This is effective for preventing an
interlock state failure therebetween. On the other hand, second directional control valve SV2 is displaced leftward in
FIG. 2, receiving the D range pressure at fourth port c4. Sixth pressure regulating valve CV6 is displaced upward in FIG.
2. As aresult, aregulated hydraulic pressure is supplied to fourth directional control valve SV4. Fourth directional control
valve SV4 is displaced rightward, receiving the D range pressure, to allow fluid communication between fluid passages
121 and 123 and to connect fluid passage 122 to the drain circuit. Accordingly, a hydraulic pressure is supplied to direct
clutch C2 while no hydraulic pressure is supplied to third directional control valve SV3 via fluid passage 122. Third
directional control valve SV3 is displaced rightward, receiving no signal pressure at fourth port d4 from seventh solenoid
valve SOL7. Upon this, although fluid communication is allowed between fluid passage 106c (second port d2) and fluid
passage 130 (third port d3) in third directional control valve SV3, no hydraulic pressure is supplied to fluid passage 106c
from manual valve MV, and thereby no hydraulic pressure is supplied to reverse brake B4.

[0088] <Fifth gear> In fifth gear, input clutch C1, direct clutch C2 and H&LR clutch C3 are applied as shown by a set
of open circles in FIG. 8.

[0089] In fifth gear, with input clutch C1 applied, the rotation of input shaft INPUT is inputted into second connection
member M2. On the other hand, with direct clutch C2 and H&LR clutch C3 applied, the rotating elements of third planetary
gear G3 rotate as a unit. As a result, the rotational speed of input shaft INPUT is outputted from third planet-pinion carrier
PC3 to output shaft OUTPUT without reduction.

[0090] Inthe speed relationship diagram of FIG. 9, fifth gear is defined by the line connecting the engagement points
of input clutch C1, direct clutch C2 and H&LR clutch C3 to define that the engine output speed is outputted without
change. Thus, the rotation inputted from input shaft INPUT is outputted from output shaft OUTPUT without reduction.
[0091] Infifth gear, the torque or power flows through input clutch C1, direct clutch C2, H&LR clutch C3, first connection
member M1, second connection member M2, and third connection member M3. Thus, only third planetary gear G3
serves for torque transmission.

[0092] As shown in the solenoid valve operation table of FIG. 10, in fifth gear, all the solenoid valves SOL1, SOL2,
SOL3, SOL4, SOL5, SOL6 and SOL7 are de-energized to be OFF, to supply the apply pressures to a desired set of
engaging elements. When seventh solenoid valve SOL7 is OFF, first directional control valve SV1 is displaced rightward
in FIG. 2 so that fluid communication is allowed between second pressure regulating valve CV2 and input clutch C1
while low brake B2 is connected to the drain circuit. This is effective for preventing an interlock state failure therebetween.
On the other hand, second directional control valve SV2 is displaced leftward in FIG. 2, receiving the D range pressure
at fourth port c4. Sixth pressure regulating valve CV6 is displaced upward in FIG. 2. As a result, a regulated hydraulic
pressure is supplied to fourth directional control valve SV4. When seventh solenoid valve SOL7 is OFF, first directional
control valve SV1 is displaced rightward in FIG. 2 so that fluid communication is allowed between second pressure
regulating valve CV2 and input clutch C1 while low brake B2 is connected to the drain circuit. This is effective for
preventing an interlock state failure therebetween. On the other hand, second directional control valve SV2 is displaced
leftward in FIG. 2, receiving the D range pressure at fourth port c4. Sixth pressure regulating valve CV6 is displaced
upward in FIG. 2. As a result, a regulated hydraulic pressure is supplied to fourth directional control valve SV4. Fourth
directional control valve SV4 is displaced rightward, receiving the D range pressure, to allow fluid communication between
fluid passages 121 and 123 and to connect fluid passage 122 to the drain circuit. Accordingly, a hydraulic pressure is
supplied to direct clutch C2 while no hydraulic pressure is supplied to third directional control valve SV3 via fluid passage
122. Third directional control valve SV3 is displaced rightward, receiving no signal pressure at fourth port d4 from seventh
solenoid valve SOL7. Upon this, although fluid communication is allowed between fluid passage 106c¢ (second port d2)
and fluid passage 130 (third port d3) in third directional control valve SV3, no hydraulic pressure is supplied to fluid
passage 106¢ from manual valve MV, and thereby no hydraulic pressure is supplied to reverse brake B4.

[0093] <Sixth gear> In sixth gear, input clutch C1, H&LR clutch C3 and 2346-brake B3 are applied as shown by a set
of open circles in FIG. 8.

[0094] In sixth gear, with input clutch C1 applied, the rotation of input shaft INPUT is inputted into second connection
member M2 while inputted into second ring gear R2. On the other hand, with 2346-brake B3 applied, the rotation slowed
down by second planetary gear G2 is transmitted to fourth ring gear R4 via first connection member M1. Further, with
H&LR clutch C3 applied, second planetary gear arrangement GS2 outputs from third planet-pinion carrier PC3 to output
shaft OUTPUT a rotation defined by the rotation of fourth ring gear R4 and the rotation of second connection member M2.
[0095] In the speed relationship diagram of FIG. 9, sixth gear is defined by the engagement point of 2346-brake B3
to define how the engine output speed is reduced by second planetary gear G2, and the line connecting the engagement
point of input clutch C1 to define that the engine output speed is directly inputted into second connection member M2

11



10

15

20

25

30

35

40

45

50

55

EP 1770 314 A2

and the engagement point of H&LR clutch C3 to define how the rotational speed is changed in second planetary gear
arrangement GS2. Thus, the rotation inputted from input shaft INPUT is accelerated and outputted from output shaft
OUTPUT.

[0096] Insixth gear, the torque or power flows through input clutch C1, H&LR clutch C3, 2346-brake B3, first connection
member M1, second connection member M2, and third connection member M3. Thus, second planetary gear G2 and
second planetary gear arrangement GS2 serve for torque transmission.

[0097] As shown in the solenoid valve operation table of FIG. 10, in sixth gear, fifth and sixth solenoid valves SOL5
and SOL6 are energized to be ON, and the remaining solenoid valves SOL, SOL2, SOL3, SOL4 and SOL7 are de-
energized to be OFF, to supply the apply pressures to a desired set of engaging elements. When seventh solenoid valve
SOLY7 is OFF, first directional control valve SV1 is displaced rightward in FIG. 2 so that fluid communication is allowed
between second pressure regulating valve CV2 and input clutch C1 while low brake B2 is connected to the drain circuit.
This is effective for preventing an interlock state failure therebetween. On the other hand, second directional control
valve SV2 is displaced leftward in FIG. 2, receiving the D range pressure at fourth port c4. Upon this, fluid communication
is allowed between first port c1 and third port c3 of second directional control valve SV2 so that the D range pressure
acts on sixth pressure regulating valve CV6. At this time, sixth pressure regulating valve CV6 is displaced downward in
FIG. 2. As a result, the D range pressure is not supplied to direct clutch C2 nor to fourth directional control valve SV4.
Fourth directional control valve SV4 is displaced rightward, receiving the D range pressure, to allow fluid communication
between fluid passages 121 and 123 and to connect fluid passage 122 to the drain circuit. Accordingly, a hydraulic
pressure is supplied to direct clutch C2 while no hydraulic pressure is supplied to third directional control valve SV3 via
fluid passage 122. Third directional control valve SV3 is displaced rightward, receiving no signal pressure at fourth port
d4 from seventh solenoid valve SOL7. Upon this, although fluid communication is allowed between fluid passage 106c
(second port d2) and fluid passage 130 (third port d3) in third directional control valve SV3, no hydraulic pressure is
supplied to fluid passage 106¢ from manual valve MV, and thereby no hydraulic pressure is supplied to reverse brake B4.
[0098] <Seventh gear> In seventh gear, input clutch C1, H&LR clutch C3 and front brake B1 (first one-way clutch F1)
are applied as shown by a set of open circles in FIG. 8.

[0099] Inseventhgear, withinput clutch C1 applied, the rotation of input shaft INPUT is inputted into second connection
member M2 while inputted into second ring gear R2. On the other hand, with front brake B1 applied, the rotation slowed
down by first planetary gear arrangement GS1 is transmitted to fourth ring gear R4 via first connection member M1.
With H&LR clutch C3 applied, second planetary gear arrangement GS2 outputs from third planet-pinion carrier PC3 to
output shaft OUTPUT a rotation defined by the rotation of fourth ring gear R4 and the rotation of second connection
member M2.

[0100] In the speed relationship diagram of FIG. 9, seventh gear is defined by the engagement point of front brake
B1 to define how the engine output speed is reduced by first planetary gear arrangement GS1, and the line connecting
the engagement point of input clutch C1 to define that the engine output speed is directly inputted into second connection
member M2 and the engagement point of H&LR clutch C3 to define how the rotational speed is changed in second
planetary gear arrangement GS2. Thus, the rotation inputted from input shaft INPUT is accelerated and outputted from
output shaft OUTPUT.

[0101] In seventh gear, the torque or power flows through input clutch C1, H&LR clutch C3, front brake B1, first
connection member M1, second connection member M2, and third connection member M3. Thus, first planetary gear
arrangement GS1 and second planetary gear arrangement GS2 serve for torque transmission.

[0102] As shown in the solenoid valve operation table of FIG. 10, in seventh gear, third and sixth solenoid valves
SOL3 and SOLS6 are energized to be ON, and the remaining solenoid valves SOL1, SOL2, SOL4, SOL5 and SOL7 are
de-energized to be OFF, to supply the apply pressures to a desired set of engaging elements. When seventh solenoid
valve SOL7 is OFF, first directional control valve SV1 is displaced rightward in FIG. 2 so that fluid communication is
allowed between second pressure regulating valve CV2 and input clutch C1 while low brake B2 is connected to the drain
circuit. This is effective for preventing an interlock state failure therebetween. On the other hand, second directional
control valve SV2 is displaced leftward in FIG. 2, receiving the D range pressure at fourth port c4. Upon this, fluid
communication is allowed between first port c1 and third port c3 of second directional control valve SV2 so that the D
range pressure acts on sixth pressure regulating valve CV6. At this time, sixth pressure regulating valve CV6 is displaced
downward in FIG. 2. As a result, the D range pressure is not supplied to direct clutch C2 nor to fourth directional control
valve SV4. Fourth directional control valve SV4 is displaced rightward, receiving the D range pressure, to allow fluid
communication between fluid passages 121 and 123 and to connect fluid passage 122 to the drain circuit. Accordingly,
a hydraulic pressure is supplied to direct clutch C2 while no hydraulic pressure is supplied to third directional control
valve SV3 via fluid passage 122. Third directional control valve SV3 is displaced rightward, receiving no signal pressure
at fourth port d4 from seventh solenoid valve SOL7. Upon this, although fluid communication is allowed between fluid
passage 106c (second port d2) and fluid passage 130 (third port d3) in third directional control valve SV3, no hydraulic
pressure is supplied to fluid passage 106c from manual valve MV, and thereby no hydraulic pressure is supplied to
reverse brake B4.
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[0103] <Reverse gear> In reverse gear, H&LR clutch C3, front brake B1 and reverse brake B4 are applied as shown
by a set of open circles in FIG. 8.

[0104] Inreverse gear, with front brake B1 applied, the rotation slowed down by first planetary gear arrangement GS1
is transmitted to fourth ring gear R4 via first connection member M1. On the other hand, with H&LR clutch C3 and reverse
brake B4 applied, second planetary gear arrangement GS2 outputs from third planet-pinion carrier PC3 to output shaft
OUTPUT arotation defined by the rotation of fourth ring gear R4 and the stationary state of second connection member M2.
[0105] Inthe speed relationship diagram of FIG. 9, reverse gear is defined by the engagement point of front brake B1
to define how the engine output speed is reduced by first planetary gear arrangement GS1, and the line connecting the
engagement point of input clutch C1 to define that the engine output speed is directly inputted into second connection
member M2 and the engagement point of H&LR clutch C3 to define how the rotational speed is changed in second
planetary gear arrangement GS2. Thus, the rotation inputted from input shaft INPUT is reversed and slowed down and
outputted from output shaft OUTPUT.

[0106] In reverse gear, the torque or power flows through H&LR clutch C3, front brake B1, reverse brake B4, first
connection member M1, second connection member M2, and third connection member M3. Thus, first planetary gear
arrangement GS1 and second planetary gear arrangement GS2 serve for torque transmission.

[0107] As shown in the solenoid valve operation table of FIG. 10, in reverse gear, second, third and sixth solenoid
valves SOL2, SOL3 and SOLG6 are energized to be ON, and the remaining solenoid valves SOL, SOL4, SOL5 and SOL7
are de-energized to be OFF, to supply the apply pressures to a desired set of engaging elements. Specifically, seventh
solenoid valve SOL7 is energized in an initial stage after the R range is selected, and then de-energized after completion
of engagement of reverse brake B4. The R range pressure is supplied to reverse brake B4 via third directional control
valve SV3. There is no dedicated pressure regulating valve for the R range. In an initial stage of engaging operation,
the apply pressure of reverse brake B4 is regulated by sixth pressure regulating valve CV6 which is also used for direct
clutch C2. When the R range pressure is selected by manual valve MV, second directional control valve SV2 is displaced
rightward in FIG. 2 to supply the R range pressure to sixth pressure regulating valve CV6. On the other hand, fourth
directional control valve SV4 is displaced leftward in FIG. 2 to allow fluid communication between fluid passages 121
and 122. Thus, the hydraulic pressure regulated by sixth pressure regulating valve CV6 is supplied to fluid passage 122.
When seventh solenoid valve SOL7 is turned ON under the above initial condition, third directional control valve SV3 is
displaced leftward in FIG. 2 to allow fluid communication between fluid passages 122 and 130. Thus, the apply pressure
of reverse brake B4 is controlled with the hydraulic pressure regulated by sixth pressure regulating valve CV6. When
the engaging operation of reverse brake B4 is completed, seventh solenoid valve SOL7 is turned OFF so that third
directional control valve SV3 is displaced rightward in FIG. 2 to allow fluid communication between fluid passages 106c¢
and 130, and thereby that the R range pressure is directly supplied to reverse brake B4 to maintain the applied state of
reverse brake B4.

[0108] In this embodiment, the provision of third directional control valve SV3 and fourth directional control valve SV4
allows to control the apply pressure of two engaging elements with one pressure regulating valve.

[0109] <Effects and advantages of the first directional control valve> The following describes effects and advantages
produced by first directional control valve SV1 with reference to the foregoing operation. First directional control valve
SV1is provided in order to ensure that low brake B2 and input clutch C1 are not applied at a time. Even if failures occur
both in first solenoid valve SOL1 and in second solenoid valve SOL2 to generate the apply pressures at a time, first
directional control valve SV1 inhibits one supply path of apply pressure. This prevents an interlock state between low
brake B2 and input clutch C1.

[0110] As shown in the clutch and brake engagement operation table of FIG. 8 and the solenoid valve operation table
of FIG. 10, low brake B2 is applied in first gear, second gear and third gear, and released in fourth gear, fifth gear, sixth
gear and seventh gear. On the other hand, input clutch C1 is applied in fifth gear, sixth gear and seventh gear, and
released in first gear, second gear, third gear and fourth gear. Accordingly, both low brake B2 and input clutch C1 are
released in fourth gear.

[0111] If there is no gear in which both low brake B2 and input clutch C1 are released, it is necessary to upshift from
one gear in which low brake B2 is applied and input clutch C1 is released to the next gear in which low brake B2 is
released and input clutch C1 is applied. In such an upshift, it is necessary to control the release pressure for low brake
B2 and the apply pressure for input clutch C1 in parallel. In such a control, it is difficult to find the optimal timing for
switching first directional control valve SV1. Further, it is impossible to control an inertia phase in which each of the
associated two engaging elements has a torque capacity.

[0112] In contrast to the foregoing construction, in the first embodiment, both low brake B2 and input clutch C1 are
released in fourth gear. First directional control valve SV1 may be switched by turning OFF seventh solenoid valve SOL7
during driving in fourth gear. This is effective for preventing an interlock state without adversely affecting the shift sequence
control.

[0113] <Control process against failures> In general, there is a possibility that an automatic transmission is subjected
to failures such as interlock-state failures, neutral-state failures, and abnormal gear-ratio failures.
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[0114] An interlock-state failure is defined as a failure that rotation of input shaft INPUT and rotation of output shaft
OUTPUT is simultaneously fixed by an engaging-state failure of an engaging element. When an interlock-state failure
occurs while the vehicle is running, the drive wheels are subjected to a rapidly stopping torque. Accordingly, an interlock-
state failure can be detected by monitoring a state of the vehicle such as deceleration of the vehicle.

[0115] A neutral-state failure is defined as a failure that an engaging element which is applied to receive a rotation
from input shaft INPUT in a selected gear is in a significantly slipping state or a failure that a disengaging-state failure
interrupts transmission of rotation to output shaft OUTPUT. When a neutral-state failure occurs while the vehicle is
running, the ratio of rotation of output shaft OUTPUT to rotation of input shaft INPUT is significantly small. Accordingly,
a neutral-state failure can be detected by monitoring an actual transmission gear ratio (input speed/output speed) and
detecting that the actual transmission gear ratio is abnormally higher than the normal transmission gear ratio of the
selected gear.

[0116] An abnormal gear-ratio failure is defined as a failure that the actual transmission gear ratio is deviated from
the normal transmission gear ratio of the selected gear by a specific amount or more, which is caused by a slight slipping
state of an engaging element which is applied in the selected gear, or by an engaging-state failure or disengaging-state
failure of the associated engaging element.

[0117] An engaging-state failure is defined as a failure that an engaging element remains applied even though re-
guested to be released, or, in other words, the engaging element cannot be fully released. A disengaging-state failure
is defined as a failure that an engaging element remains released even though requested to be applied, or, in other
words, the engaging element cannot be fully applied. In this embodiment, failures due to electrical failures such as breaks
and short circuits in the solenoids can be detected by monitoring electric current without estimation based on physical
phenomenon. Accordingly, such failures are not involved in this embodiment. This embodiment deals with failures due
to states where the valves are caught under the influence of contaminations, etc. in the hydraulic circuit, which is called
valve stiction. Valve stiction cannot be detected except by logically presuming physical phenomenon actually produced
within the automatic transmission.

[0118] Inthis embodiment, the system is configured to detect and identify interlock-state failures, neutral-state failures,
and abnormal gear-ratio failures, to carry out a shift into an escape gear, to identify the abnormal part, and to carry out
a shift control to supply a driving power. An escape gear is defined as a gear which is established by the control process
performed when detecting failures. An escape gear is used not only as a temporary gear from fault detection to vehicle
stop, but also as a gear after vehicle restart. The following describes this failure detection process.

[0119] FIG. 11 is a flow chart showing an outline of a process of failure detection and failure handling. This process
is carried out by ATCU 20 at intervals of a predetermined control cycle.

[0120] At Step S1, ATCU 20 performs a process of abnormality detection control. The abnormality detection control
process is defined as a process of detecting an abnormality in the automatic transmission and identifying the abnormality
asone of aninterlock-state failure, an abnormal gear-ratio failure and neutral-state failure. Thisis described in detail below.
[0121] At Step S2, ATCU 20 judges whether or not the abnormality detection control process detected an abnormality
in the automatic transmission. When the answer to Step S2 is affirmative (YES), the routine proceeds to Step S3. On
the other hand, when the answer to Step S2 is negative (NO), the routine returns to Step S1, repeating the abnormality
detection control process.

[0122] At Step S3, ATCU 20 performs a process of escape shift control. The escape shift control process is defined
as a process of temporarily shifting into an escape gear to maintain the state where the vehicle is running with a driving
torque, escaping from the abnormal condition in view of that it is impossible to maintain the state where the vehicle is
running with a driving torque in the selected gear and that there is a possibility to adversely affect the safety of the vehicle
in the selected gear. This is described in detail below.

[0123] At Step S4, ATCU 20 judges whether or not the vehicle is stationary. When the answer to Step S4 is YES, the
routine proceeds to Step S5. On the other hand, when the answer to Step S4 is NO, the routine returns to Step S3,
repeating the escape shift control process. Thus, ATCU 20 holds the escape gear established by the escape shift control
process until the vehicle is brought to be stationary.

[0124] At Step S5, ATCU 20 performs a process of abnormality identification control when restarting the vehicle after
the vehicle stop. The abnormality identification control process is defined as a process of establishing specific gears in
order to identify an abnormal engaging element which causes the abnormality in the automatic transmission. While the
escape shift control process is performed at occurrence of the above-mentioned abnormalities, it is possible to identify
the abnormal engaging element if there is an adequate period of time. However, for example, when a failure occurs at
the time of rapid braking etc., it is possible that the vehicle stops before identifying the abnormal engaging element.
Further, when the vehicle is stationary, itis difficult to identify the abnormal engaging element using the actual transmission
gear ratio. Accordingly, in this embodiment, the identification of the abnormal engaging element is performed in vehicle
restart after the vehicle stop. This is described in detail below.

[0125] At Step S6, ATCU 20 performs a process of abnormality handling shift control. The abnormality handling shift
control is defined as a process of controlling the automatic transmission in accordance with the identification of the
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abnormal engaging element, using a set of normal gears, or, if the failure is an engaging-state failure of the abnormal
engaging element, using the engagement of the abnormal engaging element. This is described in detail below.

[0126] <Abnormality detection control process> The following describes the abnormality detection control process of
Step S1 in detail. FIG. 12 is a flow chart showing the abnormality detection control process.

[0127] At Step S101, ATCU 20 judges whether or not the automatic transmission is operating in one of the normal
forward drive range and the engine braking range. When the answer to Step S101 is YES, the routine proceeds to Step
S102. On the other hand, when the answer to Step S101 is NO, the routine returns.

[0128] At Step S102, ATCU 20 judges whether or not a foot brake is inoperative (a brake pedal switch is OFF) and
vehicle acceleration G defined to be positive in the forward direction and negative in the backward direction is below a
predetermined set value. When the answer to Step S102 is YES, the routine proceeds to Step S103. On the other hand,
when the answer to Step S102 is NO, the routine proceeds to Step S106. This judgment is based on that the vehicle is
rapidly slowed down by a high deceleration when an interlock-state failure occurs.

[0129] At Step S103, ATCU 20 counts up a timer t by incrementing timer t by 1.

[0130] At Step S104, ATCU 20 judges whether or not the count value of timer t is larger than a predetermined set
value. When the answer to Step S104 is YES, the routine proceeds to Step S105. On the other hand, when the answer
to Step S104 is NO, the routine returns to Step S102, repeating Steps S102 to S104. When the count value of timer t
is larger than the set value, it indicates that the above condition of inter-lock state failure is satisfied continuously over
a certain period of time. Accordingly, when the count value of timer t is larger than the set value, it is judged that there
is an interlock-state failure. This eliminates a case where the condition of inter-lock state failure is temporarily fulfilled
under the influence of noises etc.

[0131] At Step S105, ATCU 20 judges that an interlock-state failure is present in the automatic transmission.

[0132] At Step S106, ATCU 20 resets timer t to 0.

[0133] AtStepS107,ATCU 20judgeswhetherornotthe actual transmission gear ratiois presentwithin a predetermined
region of abnormal gear-ratio failure. When the answer to Step S107 is YES, the routine proceeds to Step S108. On the
other hand, when the answer to Step S107 is NO, the routine proceeds to Step S111. As shown in FIG. 17, the abnormal
gear ratio failure region is defined as a region including a part in which the actual transmission gear ratio is larger than
the normal transmission gear ratio of the selected gear and a part in which the actual transmission gear ratio is smaller
by about one step than the normal transmission gear ratio of the selected gear. FIG. 17 is a diagram showing in tabular
form a set of possible gear ratios established when a failure occurs in each selected gear. In FIG. 17, an open circle
represents the normal transmission gear ratio of a selected gear, an open star represents the transmission gear ratio
of a possible gear which is established by the engaging-state failure or disengaging-state failure of an engaging element
in a selected gear. In FIG. 17, a diagonally shaded region represents a region of neutral-state failure.

[0134] At Step S108, ATCU 20 counts up timer t by incrementing timer t by 1.

[0135] At Step S109, ATCU 20 judges whether the count value of timer t is larger than a predetermined set value.
When the answer to Step S109 is YES, the routine proceeds to Step S110. On the other hand, when the answer to Step
S109 is NO, the routine returns to Step S107, repeating Steps S107 to S109.

[0136] At Step S110, ATCU 20 judges that an abnormal gear-ratio failure is present in the automatic transmission.
[0137] At Step S111, ATCU 20 resets timer t to 0.

[0138] AtStepS112,ATCU 20judgeswhetherornotthe actualtransmission gearratiois presentwithina predetermined
region of neutral-state failure. When the answer to Step S112 is YES, the routine proceeds to Step S113. On the other
hand, when the answer to Step S112 is NO, the routine returns to Step S102. As shown in FIG. 17, the neutral-state
failure region is defined as a region in which the actual transmission gear ratio is larger by one step or more than the
normal transmission gear ratio of the selected gear, represented by a diagonally shaded region.

[0139] At Step S113, ATCU 20 counts up timer t by incrementing timer t by 1.

[0140] At Step S114, ATCU 20 judges whether the count value of timer t is larger than a predetermined set value.
When the answer to Step S114 is YES, the routine proceeds to Step S115. On the other hand, when the answer to Step
S114 is NO, the routine returns to Step S112, repeating Steps S112 to S114.

[0141] At Step S115, ATCU 20 judges that a neutral-state failure is present in the automatic transmission.

[0142] The foregoing abnormality detection control process serves to detect interlock-state failures, abnormal gear-
ratio failures, and neutral-state failures.

[0143] <Escape shift control process under interlock-state failure> The following describes a process of escape shift
control when it is determined that an interlock-state failure is present in the automatic transmission by the foregoing
abnormality detection control process. FIG. 13 is a flow chart showing the escape shift control process.

[0144] <Escape shift control process in first gear, second gear, and third gear> At Step 201, ATCU 20 judges whether
or not the selected gear is either first gear, second gear, or third gear when the interlock-state failure is detected. When
the answer to Step 201 is YES, the routine proceeds to Step 202. On the other hand, when the answer to Step 201 is
NO, the routine proceeds to Step 206.

[0145] At Step 202, ATCU 20 releases all the engaging elements.
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[0146] At Step 203, ATCU 20 judges whether or not vehicle speed Vsp is below a predetermined set value. When the
answer to Step 203 is YES, the routine proceeds to Step 204. On the other hand, when the answer to Step 203 is NO,
the routine returns to Step 203, repeating Step 203.

[0147] At Step 204, ATCU 20 applies low brake B2.

[0148] At Step 205, ATCU 20 shifts into an escape gear.

[0149] <Process of identifying incorrectly applied engaging element> At Step 2051, ATCU 20 detects the actual
transmission gear ratio.

[0150] At Step 2052, ATCU 20 judges whether or not the actual transmission gear ratio is identical to the normal
transmission gear ratio of second gear. When the answer to Step 2052 is YES, the routine proceeds to Step 2053. On
the other hand, when the answer to Step 2052 is NO, the routine proceeds to Step 2054.

[0151] At Step 2053, ATCU 20 judges that an engaging-state failure is present in 2346-brake B3.

[0152] At Step 2054, ATCU 20 judges whether or not the actual transmission gear ratio is identical to the normal
transmission gear ratio of 1-2 intermediate gear. When the answer to Step 2054 is YES, the routine proceeds to Step
2055. On the other hand, when the answer to Step 2054 is NO, the routine proceeds to Step 2056.

[0153] At Step 2055, ATCU 20 judges that an engaging-state failure is present in direct clutch C2.

[0154] At Step 2056, ATCU 20 judges whether or not the vehicle is subjected to engine braking. When the answer to
Step 2056 is YES, the routine proceeds to Step 2057. On the other hand, when the answer to Step 2056 is NO, the
routine proceeds to Step 2058.

[0155] At Step 2057, ATCU 20 judges that an engaging-state failure is present in H&LR clutch C3.

[0156] At Step 2058, ATCU 20 judges that an engaging-state failure is present in front brake B1.

[0157] <Escape shift control process in fourth gear> At Step 206, ATCU 20 judges whether or not the selected gear
is fourth gear when the interlock-state failure is detected. When the answer to Step 206 is YES, the routine proceeds to
Step 207. On the other hand, when the answer to Step 206 is NO, the routine proceeds to Step 208.

[0158] At Step 207, ATCU 20 releases 2346-brake B3.

[0159] <Process of identifying incorrectly applied engaging element> At Step 2071, ATCU 20 detects the actual
transmission gear ratio.

[0160] At Step 2072, ATCU 20 judges whether or not the actual transmission gear ratio is identical to the normal
transmission gear ratio of fifth gear. When the answer to Step 2072 is YES, the routine proceeds to Step 2074. On the
other hand, when the answer to Step 2072 is NO, the routine proceeds to Step 2073.

[0161] At Step 2073, ATCU 20 judges that an engaging-state failure is present in front brake B1.

[0162] At Step 2074, ATCU 20 judges that an engaging-state failure is present in input clutch C1.

[0163] <Escape shift control process in fifth gear> At Step 208, ATCU 20 judges whether or not the selected gear is
fifth gear when the interlock-state failure is detected. When the answer to Step 208 is YES, the routine proceeds to Step
209. On the other hand, when the answer to Step 208 is NO, the routine proceeds to Step 210.

[0164] At Step 209, ATCU 20 releases direct clutch C2.

[0165] <Process of identifying incorrectly applied engaging element> At Step 2091, ATCU 20 detects the actual
transmission gear ratio.

[0166] At Step 2092, ATCU 20 judges whether or not the actual transmission gear ratio is identical to the normal
transmission gear ratio of sixth gear. When the answer to Step 2092 is YES, the routine proceeds to Step 2094. On the
other hand, when the answer to Step 2092 is NO, the routine proceeds to Step 2093.

[0167] At Step 2093, ATCU 20 judges that an engaging-state failure is present in front brake B1.

[0168] At Step 2094, ATCU 20 judges that an engaging-state failure is present in 2346-brake B3.

[0169] <Escape shift control process in sixth gear> At Step 210, ATCU 20 judges whether or not the selected gear is
sixth gear when the interlock-state failure is detected. When the answer to Step 210 is YES, the routine proceeds to
Step 211. On the other hand, when the answer to Step 210 is NO, the routine proceeds to Step 212.

[0170] At Step 211, ATCU 20 releases 2346-brake B3.

[0171] <Process of identifying incorrectly applied engaging element> At Step 2111, ATCU 20 detects the actual
transmission gear ratio.

[0172] At Step 2112, ATCU 20 judges whether or not the actual transmission gear ratio is identical to the normal
transmission gear ratio of fifth gear. When the answer to Step 2112 is YES, the routine proceeds to Step 2114. On the
other hand, when the answer to Step 2112 is NO, the routine proceeds to Step 2113.

[0173] At Step 2113, ATCU 20 judges that an engaging-state failure is present in front brake B1.

[0174] At Step 2114, ATCU 20 judges that an engaging-state failure is present in direct clutch C2.

[0175] <Escape shift control process in seventh gear> At Step 212, ATCU 20 judges that the selected gear is seventh
gear when the interlock-state failure is detected, and releases front brake B1.

[0176] <Process of identifying incorrectly applied engaging element> At Step 2121, ATCU 20 detects the actual
transmission gear ratio.

[0177] At Step 2122, ATCU 20 judges whether or not the actual transmission gear ratio is identical to the normal
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transmission gear ratio of sixth gear. When the answer to Step 2122 is YES, the routine proceeds to Step 2124. On the
other hand, when the answer to Step 2122 is NO, the routine proceeds to Step 2123.

[0178] At Step 2123, ATCU 20 judges that an engaging-state failure is present in direct clutch C2.

[0179] At Step 2124, ATCU 20 judges that an engaging-state failure is present in 2346-brake B3.

[0180] The following describes effects and advantages produced by the escape shift control process. When four of
the engaging elements are applied at a time in the automatic transmission, the automatic transmission is brought to be
in an interlock state. If an interlock state is caused by an engaging-state failure of one engaging element, the interlock
state is caused by engagement of three normal engaging elements and the engaging-state failure of one engaging
element. Accordingly, it is possible to escape from the interlock state and provide a driving torque by releasing one of
the three normal engaging elements. This logic is used to build the escape shift control process. In this embodiment,
an escape gear is defined as a gear which after detection of an interlock-state failure, is established in order to escape
from the interlock-state failure and to ensure an ability to drive the vehicle.

[0181] Infirstgear, second gear, and third gear, the fluid passage connected to input clutch C1 is mechanically closed
by first directional control valve SV1. Accordingly, in first gear, second gear, and third gear, input clutch C1 is excluded
from a group of possible incorrectly applied engaging elements. Similarly, in first gear, second gear, and third gear, the
fluid passage connected to reverse brake B4 is mechanically closed by fourth directional control valve SV4. Accordingly,
in first gear, second gear, and third gear, reverse brake B4 is excluded from a group of possible incorrectly applied
engaging elements.

[0182] <(i) Interlock-state failures when the selected gear is first gear, second gear, or third gear> In first gear, second
gear, and third gear, interlock states are caused by the engaging-state failure of H&LR clutch C3, the engaging-state
failure of front brake B1, the engaging-state failure of 2346-brake B3, or the engaging-state failure of direct clutch C2.
Under such an interlock state failure, an escape gear can be established by releasing all the engaging elements except
low brake B2, i.e. by engagement of low brake B2 and engagement of the incorrectly applied engaging element.
[0183] Low brake B2 is applied in each of first gear, second gear, and third gear. When an engaging-state failure
occurs in a certain engaging element, the operation of maintaining engagement of low brake B2 and releasing the other
engaging elements establishes one of first gear, 1-2 intermediate gear, and second gear. 1-2 intermediate gear is defined
as a gear which is established by engagement of first one-way clutch F1, direct clutch C2, and low brake B2 as shown
in the speed relationship diagram of FIG. 19.

[0184] FIG. 14 is adiagram showing in tabular form a relationship among each selected gear, each possible incorrectly
applied engaging element, areleased engaging element corresponding to the selected gear, and a gear ratio established
under such a condition. As shown in FIG. 14, engagement of incorrectly applied 2346-brake B3 and engagement of low
brake B2 establishes normal drive range second gear. Engagement of incorrectly applied direct clutch C2 and engage-
ment of low brake B2 establishes engine braking range 1-2 intermediate gear. Engagement of incorrectly applied front
brake B1 and engagement of low brake B2 establishes normal drive range first gear.

[0185] Inrecent years, in multiple-speed transmissions, the transmission gear ratio of first gear and second gear are
set to relatively high values in order to provide a wide set of transmission gear ratios in consideration of fuel economy.
Interstage ratios of lower gear ratios are also set to higher values than those of higher gear ratios. For this reason, if an
escape process is designed so that at occurrence of an interlock-state failure a current higher gear is shifted into first
gear or second gear, it is possible that there occurs an extremely large engine braking force, even if the current gear is
third gear. When the vehicle speed is high, it is possible that the vehicle is subjected to a deceleration comparable with
the case of interlock states.

[0186] Also in this embodiment, if all the normal engaging elements are released except low brake B2 applied, it is
possible that there occurs a wide range of downshift so that the vehicle is subjected to a large engine braking force
depending on which is the incorrectly applied engaging element. Accordingly, in this embodiment, the escape shift control
process is configured to output releasing commands to all the engaging elements including low brake B2 when vehicle
speed Vsp is above a predetermined set speed value V1 such that there is a possibility that the vehicle is subjected to
a rapid engine braking, and then to apply low brake B2 after vehicle speed Vsp decreases below set speed value V1,
in order to provide a driving torque without generating a rapid engine braking.

[0187] Inthe above process of this embodiment, when the actual transmission gear ratio is detected after application
of low brake B2, the actual transmission gear ratio is one of first gear, 1-2 intermediate gear, and second gear as shown
in FIG. 14. Thus, itis possible to identify the abnormal engaging element by detecting the actual transmission gear ratio,
and determining which gear is corresponding to the actual transmission gear ratio. Further, in order to identify the
abnormal engaging element as front brake B1 or H&LR clutch C3, the escape shift control process is configured to detect
whether or not the vehicle is subjected to engine braking. Itis possible to determine whether or not the vehicle is subjected
to engine braking, in accordance with changes in the engine speed under OFF state of the accelerator pedal.

[0188] <(ii) Interlock-state failures when the selected gear is fourth gear> In fourth gear, interlock states are caused
by the engaging-state failure of input clutch C1 or the engaging-state failure of front brake B1. Under such an interlock
state, an escape gear can be established by releasing 2346-brake B3 among the tree normal engaging elements, i.e.

17



10

15

20

25

30

35

40

45

50

55

EP 1770 314 A2

by engagement of direct clutch C2, engagement of H&LR clutch C3 and engagement of the incorrectly applied engaging
element. This escape gear is higher than second gear, so that the shift into the escape gears causes no wide range of
downshift. Specifically, when an engaging-state failure is present in input clutch C1, fifth gear is established by releasing
2346-brake B3. On the other hand, when an engaging-state failure is present in front brake B1, 2-3 intermediate gear
is established by releasing 2346-brake B3. 2-3 intermediate gear is defined as a gear which is established by engagement
of front brake B1 (or first one-way clutch F1), engagement of direct clutch C2, and engagement of H&LR clutch C3 as
shown in the speed relationship diagram of FIG. 20.

[0189] If the actual transmission gear ratio is detected after release of 2346-brake B3, the actual transmission gear
ratio is identical to the normal transmission gear ratio of fifth gear or 2-3 intermediate gear as shown in FIG. 14. Thus,
it is possible to identify the abnormal engaging element by detecting the actual transmission gear ratio, and determining
which gear is corresponding to the actual transmission gear ratio.

[0190] <(iii) Interlock-state failures when the selected gear is fifth gear> In fifth gear, interlock states are caused by
the engaging-state failure of 2346-brake B3 or the engaging-state failure of front brake B1. Under such an interlock
state, an escape gear can be established by releasing 2346-brake B3 among the tree normal engaging elements, i.e.
by engagement of input clutch C1, engagement of H&LR clutch C3 and engagement of the incorrectly applied engaging
element. This escape gear is higher than second gear, so that the shift into the escape gears causes no wide range of
downshift. Specifically, when an engaging-state failure is present in 2346-brake B3, sixth gear is established by releasing
direct clutch C2. Onthe other hand, when an engaging-state failure is presentin front brake B1, seventh gear is established
by releasing direct clutch C2.

[0191] If the actual transmission gear ratio is detected after release of direct clutch C2, the actual transmission gear
ratio is identical to the transmission gear ratio value of sixth gear or seventh gear as shown in FIG. 14. Thus, itis possible
to identify the abnormal engaging element by detecting the actual transmission gear ratio, and determining which gear
is corresponding to the actual transmission gear ratio.

[0192] <(iv) Interlock-state failures when the selected gear is sixth gear> In sixth gear, interlock states are caused by
the engaging-state failure of direct clutch C2 or the engaging-state failure of front brake B1. Under such an interlock
state, an escape gear can be established by releasing 2346-brake B3 among the tree normal engaging elements, i.e.
by engagement of input clutch C1, engagement of H&LR clutch C3 and engagement of the engaging element having
the engaging-state failure. This escape gear is higher than second gear, so that the shift into the escape gears causes
no wide range of downshift. Specifically, when an engaging-state failure is present in direct clutch C2, fifth gear is
established by releasing 2346-brake B3. On the other hand, when an engaging-state failure is present in front brake B1,
seventh gear is established by releasing 2346-brake B3.

[0193] If the actual transmission gear ratio is detected after release of 2346-brake B3, the actual transmission gear
ratio is identical to the normal transmission gear ratio of fifth gear or seventh gear as shown in FIG. 14. Thus, itis possible
to identify the abnormal engaging element by detecting the actual transmission gear ratio, and determining which gear
is corresponding to the actual transmission gear ratio.

[0194] <(v) Interlock-state failures when the selected gear is seventh gear> In seventh gear, interlock states are caused
by the engaging-state failure of 2346-brake B3 or the engaging-state failure of direct clutch C2. Under such an interlock
state, an escape gear can be established by releasing front brake B1 among the tree normal engaging elements, i.e.
by engagement of input clutch C1, engagement of H&LR clutch C3 and engagement of the engaging element having
the engaging-state failure. This escape gear is higher than second gear, so that the shift into the escape gears causes
no wide range of downshift. Specifically, when an engaging-state failure is present in 2346-brake B3, sixth gear is
established by releasing front brake B1. On the other hand, when an engaging-state failure is present in direct clutch
C2, fifth gear is established by releasing front brake B1.

[0195] If the actual transmission gear ratio is detected after release of front brake B1, the actual transmission gear
ratio is identical to the normal transmission gear ratio of fifth gear or sixth gear as shown in FIG. 14. Thus, it is possible
to identify the abnormal engaging element by detecting the actual transmission gear ratio, and determining which gear
is corresponding to the actual transmission gear ratio.

[0196] Asdescribedinthe foregoing (i)-(v), the escape shift control process is configured to output releasing commands
to all the engaging elements including low brake B2 and then to apply low brake B2 after vehicle speed Vsp decreases
below set speed value V1, in order to establish an escape gear, in consideration that it is impossible to always establish
an escape gear higher than second gear in case an interlock-state failure is detected when the selected gear is first
gear, second gear, or third gear. The escape shift control process is also configured to establish an escape gear higher
than second gear by releasing one of the engaging elements needed to establish the selected gear, in case a failure is
detected when the selected gear is fourth gear, fifth gear, sixth gear or seventh gear. This process is enabled by that
the provision of first directional control valve SV1 mechanically inhibits that low brake B2 and input clutch C1 are both
applied at a time.

[0197] Under normal operating conditions, low brake B2 is applied only in first gear, second gear, and third gear, while
input clutch C1 is applied only in fifth gear, sixth gear, and seventh gear. If there is a possibility that an engaging-state
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failure is present in low brake B2 when an interlock state occurs in fourth gear, fifth gear, sixth gear, and seventh gear,
there is a possibility that releasing one engaging element establishes a lower gear to cause a wide range of downshift.
In contrast, in this embodiment, the provision of first directional control valve SV1 eliminates a possibility that an engaging-
state failure is present in low brake B2 when an interlock state occurs in fourth gear, fifth gear, sixth gear, and seventh
gear. This allows to establish an escape gear higher than a reference gear by releasing one engaging element, without
causing a wide range of downshift.

[0198] Further, the escape shift control process configured to release all the engaging elements, and then apply low
brake B2 after vehicle speed Vsp decreases below set speed value V1, is effective for preventing that a rapid braking
force is acted on the drive wheels due to engine braking.

[0199] still further, the escape shift control process is configured to operate only one of the engaging elements which
is applied in a selected gear in which an interlock-state failure is detected. Although there is a possibility that other
escape gears can be obtained by a combination of application/release of a plurality of engaging elements, there is an
undesired possibility that such a process shifts into an intermediate gear causing a wide range of downshift and then
shifts into an escape gear without causing a wide range of downshift, depending on timings of application/release. In
addition, in consideration that an interlock state which causes a rapid deceleration is desired to escape from as soon
as possible, and that it is difficult to carry out a complex process of shift control under failed conditions, the escape shift
control process configured to establish an escape gear only by releasing one engaging element is effective for enhancing
robustness of the escape shift control process.

[0200] still further, it is possible in this embodiment to identify the incorrectly applied engaging element in accordance
with the actual transmission gear ratio after application of low brake B2 in first gear, second gear, and third gear, or after
release of one of the normal engaging elements needed to be applied in fourth gear, fifth gear, sixth gear, and seventh
gear. For example, just after the vehicle is stopped, it is possible to carry out a shift control using gear ratios which can
be established by engagement of the incorrectly applied engaging element. This is effective for providing a driving torque
and enhancing the driving performance even when an interlock-state failure occurs.

[0201] <Escape shift control process under abnormal gear-ratio failure> The following describes a process of escape
shift control when it is determined that an abnormal gear-ratio failure is present in the automatic transmission by the
abnormality detection control process. Abnormal gear-ratio failures are divided into two cases, i.e. a first case in which
the actual transmission gear ratio is deviated from the normal transmission gear ratio of the selected gear due to errors
such as a slight slipping state of an engaging element, and a second case in which the actual transmission gear ratio
is deviated due to a state caused by the engaging-state failure of an engaging element in which input shaft INPUT is in
an interlock state and output shaft OUTPUT is in a neutral state. Each case is described in detail below.

[0202] <Input shaft in interlock state, and output shaft in neutral state> The following describes a case in which input
shaft INPUT is in an interlock state and output shaft OUTPUT is in a neutral state. FIG. 15 is a speed relationship diagram
of the automatic transmission, in which an engaging-state failure occurs in 2346-brake B3 to change the state of speed
relationship in engine braking range first gear.

[0203] InFIG. 15, rigid levers L1, L2, L23 and L24 represent first planetary gear arrangement GS1, second planetary
gear arrangement GS2, third planetary gear G3, and fourth planetary gear G4, respectively. In the speed relationship
diagram, each rigid lever indicates the ratio of rotational speed of rotating elements of an associated one of the planetary
gears, and also indicates input/output of torque therebetween. In FIG. 15, bold arrows indicate the direction of input/
output torques. In FIG. 15, a set of solid lines indicates a normal operating condition, while a set of broken lines indicates
an abnormal condition.

[0204] When the engine braking range is selected, front brake B1 is applied, H&LR clutch C3 is applied, and low brake
B2 is applied in first gear. When input shaft INPUT is subjected to a torque in the upward direction of FIG. 15, front brake
B1 is subjected to an upward torque while first ring gear R1 and second planet-pinion carrier PC2 are subjected to
downward torques. The downward torque outputted from first planetary gear arrangement GS1 is inputted into fourth
ring gear R4 of second planetary gear arrangement GS2 as an upward torque. In second planetary gear arrangement
GS2, low brake B2 is subjected to an upward torque while a downward torque is outputted from output shaft OUTPUT.
[0205] When an engaging-state failure occurs in 2346-brake B3 under this condition, rigid lever L1 is subjected to a
set of forces in such a manner to raise the rotational speed of first sun gear S1 and second sun gear S2 to a stationary
state. With front brake B1 applied, rigid lever L1 rotates about the engagement point of front brake B1, so that the
rotational speed of all the rotating elements of first planetary gear arrangement GS1 change toward a stationary state
(input shaft INPUT is in an interlock state).

[0206] Upon this, the rotational speed of fourth ring gear R4 of second planetary gear arrangement GS2, which is
connected to first planetary gear arrangement GS1 via first connection member M1, changes toward a stationary state.
Since fourth planetary gear G4 is connected only via second one-way clutch F2 to third sun gear S3 connected to low
brake B2, rigid lever L24 rotates about the point indicative of fourth planet-pinion carrier PCA4.

[0207] Onthe other hand, although the rotational state of third planetary gear G3 of second planetary gear arrangement
GS2 is defined by the rotation of low brake B2 and the rotation of output shaft OUTPUT, third planetary gear G3 is
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subjected to no reaction force from fourth planet-pinion carrier PC4 of fourth planetary gear G4 into third ring gear R3,
and thereby is brought to be in a neutral state (output shaft OUTPUT is in a neutral state).

[0208] Under the above condition, the engine speed does not increase directly in response to depression of the
accelerator pedal under the influence of the interlock state of input shaft INPUT while the vehicle speed (the rotational
speed of output shaft OUTPUT) dose not rapidly decrease as in the case of usual interlock states, thus resulting in a
coasting drive.

[0209] FIG. 16is aspeed relationship diagram of the automatic transmission, in which an engaging-state failure occurs
in front brake B1 to change the state of speed relationship in second gear.

[0210] Insecond gear, 2346-brake B3 is applied, H&LR clutch C3 is applied, and low brake B2 is applied under normal
operating conditions. When input shaft INPUT is subjected to a torque in the upward direction of FIG. 16, 2346-brake
B3 is subjected to an upward torque while first ring gear R1 and second planet-pinion carrier PC2 are subjected to
downward torques. The downward torque outputted from first planetary gear arrangement GS1 is inputted into fourth
ring gear R4 of second planetary gear arrangement GS2 as an upward torque. In second planetary gear arrangement
GS2, low brake B2 is subjected to an upward torque while a downward torque is outputted from output shaft OUTPUT.
[0211] When an engaging-state failure occurs in front brake B1 under this condition, rigid lever L1 is subjected to a
set of forces in such a manner to reduce the rotational speed of first planet-pinion carrier PC1 to a stationary state. With
2346-brake B3 applied, rigid lever L1 rotates about the engagement point of 2346-brake B3, so that the rotational speed
of all the rotating elements of first planetary gear arrangement GS1 change toward a stationary state (input shaft INPUT
is in an interlock state).

[0212] Upon this, the rotational speed of fourth ring gear R4 of second planetary gear arrangement GS2, which is
connected to first planetary gear arrangement GS1 via first connection member M1, changes toward a stationary state.
Since fourth planetary gear G4 is connected only via second one-way clutch F2 to third sun gear S3 connected to low
brake B2, rigid lever L24 rotates about the point indicative of fourth planet-pinion carrier PC4.

[0213] Onthe other hand, although the rotational state of third planetary gear G3 of second planetary gear arrangement
GS2 is defined by the rotation of low brake B2 and the rotation of output shaft OUTPUT, third planetary gear G3 is
subjected to no reaction force from fourth planet-pinion carrier PC4 of fourth planetary gear G4 into third ring gear R3,
and thereby is brought to be in a neutral state (output shaft OUTPUT is in a neutral state).

[0214] Under the above condition, the engine speed does not increase directly in response to depression of the
accelerator pedal under the influence of the interlock state of input shaft INPUT while the vehicle speed (the rotational
speed of output shaft OUTPUT) dose not rapidly decrease as in the case of usual interlock states, thus resulting in a
coasting drive.

[0215] As mentioned above, the automatic transmission is brought to be in a state where input shaft INPUT is in an
interlock state and output shaft OUTPUT is in a neutral state, in case an engaging-state failure occurs in 2346-brake
B3 in engine braking range first gear, or in case an engaging-state failure occurs in front brake B1 in second gear (both
in the engine braking range and in the normal drive range). This state cannot be recognized by a related art which judges
that an abnormality is present in the automatic transmission when the actual transmission gear ratio becomes higher.
In the state where input shaft INPUT is in an interlock state and output shaft OUTPUT is in a neutral state, the actual
transmission gear ratio is lower than the normal transmission gear ratio of the selected gear.

[0216] If the judgment is only based on deviation of the actual transmission gear ratio, the presence of failures is
recognized but the failures are not identified. Accordingly, in consideration of all the possible failures, an abnormality
handling process is designed to ensure safety under all the possible failures. As a result, only a limited set of gear ratios
is available under failed conditions, adversely affecting the driving performance.

[0217] If hydraulic switches are provided to detect whether hydraulic pressures are supplied to engaging elements in
the hydraulic circuit and to detect the above failures, the provision of the hydraulic switches results in complexity in the
layout of the hydraulic circuit, increase in the size of the valves, and increase in the number of parts.

[0218] Inthe first embodiment, the provision of first directional control valve SV1 mechanically eliminates a state where
low brake B2 and input clutch C1 are both applied at a time. The following description is based on this fact.

[0219] When an engaging-state failure or a disengaging-state failure occurs in an engaging element in a selected
gear to establish another gear, it is not a case where a neutral state failure is caused by a slipping state of an engaging
element. Accordingly, in FIG. 17, neutral-state failures are indicated by a diagonally shaded region for each selected
gear in which the actual transmission gear ratio can be established only by a slipping state of an engaging element. In
this embodiment, in sixth gear and seventh gear, no gear is established by engaging-state failures or disengaging-state
failures. Accordingly, the region of neutral-state failure is defined as a region where the actual transmission gear ratio
is higher than the normal transmission gear ratio of the gear lower by one step than the selected gear. The region of
abnormal gear-ratio failure is defined as a region where the actual transmission gear ratio is not identical to the normal
transmission gear ratio of the selected gear, excluding the region of neutral-state failure.

[0220] When the actual transmission gear ratio is within the diagonally shaded region, it is possible to identify that
there occurs a neutral-state failure. In contrast, when the actual transmission gear ratio is within the region of abnormal
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gear-ratio failure and is higher than the normal transmission gear ratio of the selected gear, there is two possibilities,
i.e. a first possibility that the automatic transmission can provide a driving torque, and a second possibility that the
automatic transmission cannot provide a driving torque. In the state where input shaft INPUT is in an interlock state and
output shaft OUTPUT is in a neutral state, the actual transmission gear ratio is lower than normal, resulting in that it is
not determined that a neutral-state failure is present in the automatic transmission.

[0221] Accordingly, the escape shift control process is configured to identify the failure as one of an interlock-state
failure, a neutral-state failure, and an abnormal gear-ratio failure, and to shift into an escape gear escaping from the
failure reliably when the selected gear is first gear or second gear.

[0222] <Shift control in case of judgment of the presence of an abnormal gear-ratio failure> The following describes
a process of shift control performed when the foregoing identifying process judges that an abnormal gear-ratio failure
is present in the automatic transmission. FIG. 18 is a flow chart showing a process of escape shift control provided in
the first embodiment, which is carried out when it is judged that an abnormal gear ratio failure is present in the automatic
transmission.

[0223] At Step 301, ATCU 20 judges whether or not engine braking range first gear is selected when the abnormal
gear-ratio failure is detected. When the answer to Step 301 is YES, the routine proceeds to Step 302. When the answer
to Step 301 is NO, the routine proceeds to Step 303.

[0224] At Step 302, ATCU 20 selects third gear as an escape gear and outputs shifting commands accordingly.
[0225] At Step 303, ATCU 20 judges whether or not second gear is selected when the abnormal gear-ratio failure is
detected. When the answer to Step 303 is YES, the routine proceeds to Step 304. When the answer to Step 303 is NO,
the routine proceeds to Step 305.

[0226] At Step 304, ATCU 20 selects 2-3 intermediate gear as an escape gear and outputs shifting commands ac-
cordingly.

[0227] At Step 305, ATCU 20 holds the current selected gear and inhibits shift operation until vehicle stop. When an
abnormal gear-ratio failure is detected in the gears other than first gear and second gear, this failure is not the type
where input shaft INPUT is in an interlock state and output shaft OUTPUT is in a neutral state. Accordingly, the automatic
transmission can output a driving torque in those gears. Accordingly, the inhibition of shift operation secures an ability
to drive the vehicle.

[0228] The following describes effects and advantages of the above control process. When the routine proceeds
through Steps S106 to S110, it is judged that no interlock-state failure is present in the automatic transmission. Also, at
Step S107, itis judged that no neutral-state failure is present in the automatic transmission. When the actual transmission
gear ratio is present within the region of abnormal gear-ratio failure under this condition, the following two cases are
possible.

[0229] <Example 1> If an engaging-state failure occurs in direct clutch C2 in engine braking range first gear, the
rotating elements of fourth planetary gear G4 rotate as a unit to establish 1-2 intermediate gear as shown by bold lines
in FIG. 19. As shown in the speed relationship diagram of FIG. 15, if an engaging-state failure occurs in 2346-brake B3,
the automatic transmission is brought to be in the state where input shaft INPUT is in an interlock state and output shaft
OUTPUT is in a neutral state.

[0230] Although in the case of the engaging-state failure of direct clutch C2 1-2 intermediate gear is established to
provide a driving torque, no driving torque is provided in the case of the engaging-state failure of 2346-brake B3. As
mentioned above, the automatic transmission of this embodiment is equipped with no hydraulic switch, so that it is
impossible to identify which engaging element is abnormal incorrectly supplied with a hydraulic pressure. Accordingly,
in this embodiment, the escape shift control process is configured in consideration of the possible cases.

[0231] The actual transmission gear ratios established by the above two possible failures are within the region of
abnormal gear-ratio failure. In the process of FIG. 18, third gear is selected as an escape gear since third gear can be
established with the engaging-state failure of one of the two engaging elements, without causing a rapid downshift, in
order to provide a driving torque. This is because 2346-brake B3 and direct clutch C2 are both applied in third gear.
[0232] Thus, even when an abnormal gear-ratio failure is detected, the shift into third gear as an escape gear is
effective for escaping from the failed state where input shaft INPUT is in an interlock state and output shaft OUTPUT is
in a neutral state, providing a driving torque, and enhancing the driving performance.

[0233] <Example 2> If an engaging-state failure occurs in direct clutch C2 in second gear, the rotating elements of
fourth planetary gear G4 rotate as a unit to establish third gear as shown by bold lines in FIG. 20. If a disengaging-state
failure occurs in 2346-brake B3, first gear is established as shown by bold lines in FIG. 20. As shown in the speed
relationship diagram of FIG. 16, if an engaging-state failure occurs in front brake B1, the automatic transmission is
brought to be in the state where input shaft INPUT is in an interlock state and output shaft OUTPUT is in a neutral state.
[0234] Although in the case of the engaging-state failure of direct clutch C2 or the disengaging-state failure of 2346-
brake B3 third gear or first gear is established to provide a driving torque, a transmission gear ratio close to first gear or
third gear is established to provide no driving torque in the case of the engaging-state failure of front brake B1l. As
described above, the automatic transmission of this embodiment is equipped with no hydraulic switch, so that it is
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impossible to identify which engaging element is abnormal incorrectly supplied with a hydraulic pressure. Accordingly,
in this embodiment, the escape process is configured in consideration of the possible cases.

[0235] The actual transmission gear ratios established by the above possible failures are within the region of abnormal
gear-ratio failure. In the process of FIG. 18, 2-3 intermediate gear is selected as an escape gear since 2-3 intermediate
gear can be established with the failure of one of the engaging elements, without causing a rapid downshift, in order to
provide a driving torque. Specifically, as shown by bold lines in FIG. 20, front brake B1, direct clutch C2, and H&LR
clutch C3 are applied. This is because direct clutch C2, 2346-brake B3, and H&LR clutch C3 are applied and 2346-
brake B3 is released in 2-3 intermediate gear.

[0236] Thus, even when an abnormal gear-ratio failure is detected, the shift into 2-3 intermediate gear as an escape
gear which is not used under normal operating conditions is effective for escaping from the failed state where input shaft
INPUT is in an interlock state and output shaft OUTPUT is in a neutral state, providing a driving torque, and enhancing
the driving performance.

[0237] <Escape shift control process under neutral-state failures> The following describes a process of escape shift
control when it is determined that a neutral-state failure is present in the automatic transmission by the foregoing ab-
normality detection control process. As described with the flow chart of FIG. 12, when the actual transmission gear ratio
is within the region of neutral-state failure, it is determined that a neutral-state failure is present in the automatic trans-
mission. FIG. 21 is a flow chart showing the escape shift control process.

[0238] <Escape shift control process in first gear, second gear, and third gear> At Step 401, ATCU 20 judges whether
or not either first gear, second gear, or third gear is selected when the neural-state failure is detected. When the answer
to Step 401 is YES, the routine proceeds to Step 402. On the other hand, when the answer to Step 401 is NO, the routine
proceeds to Step 403.

[0239] When first gear is selected, first one-way clutch F1 prevents front brake B1 from a slipping state. Even if H&LR
clutch C3 is in a slipping state, engagement of low brake B2 prevents the automatic transmission from a neutral state.
Therefore, in first gear, a neutral-state failure is caused only by the slipping state of low brake B2.

[0240] Next, in case second gear is selected, when the actual transmission gear ratio is higher than the normal
transmission gear ratio of first gear as shown by the diagonally-shaded region of FIG. 17, itis judged that a neutral-state
failure is present in the automatic transmission. If 2346-brake B3 is in a slipping state, there is no possibility that the
actual transmission gear ratio is lower than the normal transmission gear ratio of first gear since first one-way clutch F1
is provided. Therefore, in second gear, a neutral-state failure is caused only by the slipping state of low brake B2.
[0241] Next,incasethird gearis selected, when the actual transmission gear ratio is higher than the normal transmission
gear ratio of 1-2 intermediate gear as shown by the diagonally-shaded region of FIG. 17, itis judged that a neutral-state
failure is present in the automatic transmission. If direct clutch C2 is in a slipping state, second gear is established and
there is no possibility that the actual transmission gear ratio is lower than the normal transmission gear ratio of 1-2
intermediate gear. On the other hand, if 2346-brake B3 is in a slipping state, 1-2 intermediate gear is established and
there is no possibility that the actual transmission gear ratio is lower than the normal transmission gear ratio of 1-2
intermediate gear as shown in FIG. 19. Therefore, in third gear, a neutral-state failure is caused only by the slipping
state of low brake B2.

[0242] From the above viewpoint, it is possible to identify that low brake B2 is in a slipping state, when detecting a
neutral-state failure in first gear, second gear and third gear. Accordingly, under this condition, ATCU 20 uses fourth
gear as an escape gear which is the lowest gear that is established without engagement of low brake B2.

[0243] <Escape shift control process in fourth gear> At Step 403, ATCU 20 judges whether or not fourth gear is
selected when the neural-state failure is detected. When the answer to Step 403 is YES, the routine proceeds to Step
404. On the other hand, when the answer to Step 403 is NO, the routine proceeds to Step 407.

[0244] At Step 404, ATCU 20 judges whether or not vehicle speed Vsp is below a predetermined set speed value
Vsp0. When the answer to Step 404 is YES, the routine proceeds to Step 406. On the other hand, when the answer to
Step 404 is NO, the routine proceeds to Step 405.

[0245] At Step 405, ATCU 20 enters a neutral state.

[0246] At Step 406, ATCU 20 selects second gear as an escape gear and outputs commands accordingly.

[0247] In case fourth gear is selected, when the actual transmission gear ratio is lower than the normal transmission
gear ratio of 2-3 intermediate gear as shown by the diagonally-shaded region of FIG. 17, itis judged that a neutral-state
failure is present in the automatic transmission. If 2346-brake B3 is in a slipping state, 2-3 intermediate gear is established
with first one-way clutch F1 and there is no possibility that the actual transmission gear ratio is lower than the normal
transmission gear ratio of 2-3 intermediate gear as shown in FIG. 20. On the other hand, if direct clutch C2 or H&LR
clutch C3 is in a slipping state, there is a possibility that the actual transmission gear ratio is lower than the normal
transmission gear ratio of 2-3 intermediate gear. Therefore, it is impossible to identify the abnormal engaging element
as one of direct clutch C2 and H&LR clutch C3 in fourth gear. Accordingly, in the above process, ATCU 20 enters a
neutral state and then uses second gear as an escape gear, in which it is unnecessary to apply direct clutch C2 and
H&LR clutch C3, after vehicle speed Vsp decreases to eliminate a possibility that the rotating elements rotate at excessive
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gear ratios.

[0248] <Escape shift control process in fifth gear> At Step 407, ATCU 20 judges whether or not fifth gear is selected
when the neural-state failure is detected. When the answer to Step 407 is YES, the routine proceeds to Step 408. On
the other hand, when the answer to Step 407 is NO, the routine proceeds to Step 415.

[0249] At Step 408, ATCU 20 judges whether or not the failure is in H&LR clutch C3. When the answer to Step 408
is YES, the routine proceeds to Step 409. On the other hand, when the answer to Step 408 is NO, the routine proceeds
to Step 412.

[0250] At Step 409, ATCU 20 judges whether or not vehicle speed Vsp is below set speed value Vsp0. When the
answer to Step 409 is YES, the routine proceeds to Step 410. On the other hand, when the answer to Step 409 is NO,
the routine proceeds to Step 411.

[0251] At Step 410, ATCU 20 selects third gear as an escape gear and outputs commands accordingly.

[0252] At Step 411, ATCU 20 enters a neutral state.

[0253] At Step 412, ATCU 20 judges whether or not vehicle speed Vsp is below set speed value Vsp0. When the
answer to Step 412 is YES, the routine proceeds to Step 414. On the other hand, when the answer to Step 412 is NO,
the routine proceeds to Step 413.

[0254] At Step 413, ATCU 20 selects sixth gear as an escape gear and outputs commands accordingly.

[0255] At Step 414, ATCU 20 selects second gear as an escape gear and outputs commands accordingly.

[0256] In case fifth gear is selected, when the actual transmission gear ratio is lower than the normal transmission
gear ratio of 2-3 intermediate gear as shown by the diagonally-shaded region of FIG. 17, itis judged that a neutral-state
failure is present in the automatic transmission. If input clutch C1 is in a slipping state, 2-3 intermediate gear is established
and there is no possibility that the actual transmission gear ratio is lower than the normal transmission gear ratio of 2-3
intermediate gear as shown in FIG. 20. On the other hand, if direct clutch C2 is in a slipping state, there is a possibility
that the actual transmission gear ratio is lower than the normal transmission gear ratio of 2-3 intermediate gear, since
lever L2 can rotate about the point indicative of third ring gear R3 or fourth planet-pinion carrier PC4 as shown in FIG.
22. Similarly, if H&LR clutch C3 is in a slipping state, there is a possibility that the actual transmission gear ratio is lower
than the normal transmission gear ratio of 2-3 intermediate gear, since lever L23 can rotate about the point indicative
of third ring gear R3 or fourth planet-pinion carrier PC4 as shown in FIG. 23. At this time, lever 24 remains in a horizontal
position.

[0257] Asshown in FIGS. 22 and 23, the rotational speed of fourth ring gear R4 changes in different ways in the above
two possible cases of neutral-state failures. By checking the difference in detected rotational speed between first turbine
speed sensor 3 and second turbine speed sensor 4, it is possible to identify the abnormal engaging element as one of
direct clutch C2 and H&LR clutch C3.

[0258] In case the failure is present in H&LR clutch C3, it is impossible to escape into other gears. Accordingly, ATCU
20 shifts into third gear, which does not use engagement of H&LR clutch C3, after vehicle speed Vsp decreases below
set speed value VspO.

[0259] In case the failure is present in direct clutch C2, it is possible to shift into sixth gear by applying 2346-brake
B3. Accordingly, ATCU 20 first shifts into sixth gear, and then shifts into second gear, which does not use engagement
of direct clutch C2, after vehicle speed Vsp decreases below set speed value VspO0.

[0260] <Escape shift control process in sixth gear> At Step 415, ATCU 20 judges whether or not sixth gear is selected
when the neural-state failure is detected. When the answer to Step 415 is YES, the routine proceeds to Step 416. On
the other hand, when the answer to Step 415 is NO, the routine proceeds to Step 423.

[0261] At Step 416, ATCU 20 judges whether or not the failure is in 2346-brake B3. When the answer to Step 416 is
YES, the routine proceeds to Step 417. On the other hand, when the answer to Step 416 is NO, the routine proceeds
to Step 420.

[0262] At Step 417, ATCU 20 judges whether or not vehicle speed Vsp is below set speed value Vsp0. When the
answer to Step 417 is YES, the routine proceeds to Step 419. On the other hand, when the answer to Step 417 is NO,
the routine proceeds to Step 418.

[0263] At Step 418, selects seventh gear as an escape gear and outputs commands accordingly.

[0264] At Step 419, selects 2-3 intermediate gear as an escape gear and outputs commands accordingly.

[0265] At Step 420, ATCU 20 judges whether or not vehicle speed Vsp is below set speed value Vsp0. When the
answer to Step 420 is YES, the routine proceeds to Step 422. On the other hand, when the answer to Step 420 is NO,
the routine proceeds to Step 421.

[0266] At Step 421, ATCU 20 enters a neutral state.

[0267] At Step 422, ATCU 20 selects third gear as an escape gear and outputs commands accordingly.

[0268] In case sixth gear is selected, when the actual transmission gear ratio is lower than the normal transmission
gear ratio of fifth gear as shown by the diagonally-shaded region of FIG. 17, it is judged that a neutral-state failure is
present in the automatic transmission. If 2346-brake B3 is in a slipping state, there is a possibility that the actual trans-
mission gear ratio is lower than the normal transmission gear ratio of fifth gear, since lever L1 may rotate about the point
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of input shaft INPUT, and accordingly lever L2 may rotate about the point of third ring gear R3 or fourth planet-pinion
carrier PC4 as shown in FIG. 24. Similarly, if input clutch C1 is in a slipping state, there is a possibility that the actual
transmission gear ratio is lower than the normal transmission gear ratio of fifth gear, since lever L2 may rotate about the
point of fourth ring gear R4 as shown in FIG. 25. Similarly, if H&LR clutch C3 is in a slipping state, there is a possibility
that the actual transmission gear ratio is lower than the normal transmission gear ratio of fifth gear, since lever L23 may
rotate about the point of third ring gear R3 or fourth ring gear R4 as shown in FIG. 25. At this time, lever 24 remains
inclined as in sixth gear.

[0269] As shown in FIGS. 24, 25 and 26, the movement of lever L1 is different in the above three possible cases of
neutral-state failures. By checking the difference in detected rotational speed between first turbine speed sensor 3 and
second turbine speed sensor 4, it is possible to identify the abnormal engaging element as 2346-brake B3 or the other
engaging elements.

[0270] In case the failure is present in 2346-brake B3, it is possible to shift into seventh gear by applying front brake
B1. Accordingly, ATCU 20 first shifts into seventh gear, and then shifts into 2-3 intermediate gear, which does not use
engagement of 2346-brake B3, after vehicle speed Vsp decreases below set speed value VspO.

[0271] In case the failure is present in the engaging elements other than 2346-brake B3, it is impossible to escape
into other gears. Accordingly, ATCU 20 enters a neutral state and then shifts into third gear, which does not use en-
gagement of H&LR clutch C3, after vehicle speed Vsp decreases below set speed value VspO.

[0272] <Escape shift control process in seventh gear> At Step 423, ATCU 20 judges whether or not the failure is in
2346-brake B3. When the answer to Step 423 is YES, the routine proceeds to Step 424. On the other hand, when the
answer to Step 423 is NO, the routine proceeds to Step 427.

[0273] At Step 424, ATCU 20 judges whether or not vehicle speed Vsp is below set speed value Vsp0. When the
answer to Step 424 is YES, the routine proceeds to Step 426. On the other hand, when the answer to Step 424 is NO,
the routine proceeds to Step 425.

[0274] At Step 425, ATCU 20 selects sixth gear as an escape gear and outputs commands accordingly.

[0275] At Step 426, ATCU 20 selects third gear as an escape gear and outputs commands accordingly.

[0276] At Step 427, ATCU 20 judges whether or not vehicle speed Vsp is below set speed value Vsp0. When the
answer to Step 427 is YES, the routine proceeds to Step 429. On the other hand, when the answer to Step 427 is NO,
the routine proceeds to Step 428.

[0277] At Step 428, ATCU 20 enters a neutral state.

[0278] At Step 429, ATCU 20 selects third gear as an escape gear and outputs commands accordingly.

[0279] In case seventh gear is selected, when the actual transmission gear ratio is lower than the normal transmission
gear ratio of sixth gear as shown by the diagonally-shaded region of FIG. 17, it is judged that a neutral-state failure is
present in the automatic transmission. If front brake B1 is in a slipping state, there is a possibility that the actual trans-
mission gear ratio is lower than the normal transmission gear ratio of fifth gear, since lever L1 may rotate about the point
of input shaft INPUT, and accordingly lever L2 may rotate about the point of third ring gear R3 or fourth planet-pinion
carrier PC4 as shown in FIG. 27. Similarly, if input clutch C1 is in a slipping state, there is a possibility that the actual
transmission gear ratio is lower than the normal transmission gear ratio of fifth gear, since lever L2 may rotate about the
point of fourth ring gear R4 as shown in FIG. 28. Similarly, if H&LR clutch C3 is in a slipping state, there is a possibility
that the actual transmission gear ratio is lower than the normal transmission gear ratio of fifth gear, since lever L23 may
rotate about the point of fourth planet-pinion carrier PC4 as shown in FIG. 29. At this time, lever 24 remains inclined as
in seventh gear.

[0280] As shown in FIGS. 27, 28 and 29, the movement of lever L1 is different in the above three possible cases of
neutral-state failures. By checking the difference in detected rotational speed between first turbine speed sensor 3 and
second turbine speed sensor 4, it is possible to identify the abnormal engaging element as front brake B1 or the other
engaging elements.

[0281] In case the failure is present in front brake B1, it is possible to shift into sixth gear by applying 2346-brake B3.
Accordingly, ATCU 20 first shifts into sixth gear, and then shifts into third gear, which does not use engagement of front
brake B1, after vehicle speed Vsp decreases below set speed value VspO.

[0282] In case the failure is present in the engaging elements other than front brake B1, it is impossible to escape into
other gears. Accordingly, ATCU 20 enters a neutral state and then shifts into third gear, which does not use engagement
of input clutch C1 or H&LR clutch C3, after vehicle speed Vsp decreases below set speed value VspO.

[0283] As described above, at occurrence of neutral-state failures, the escape shift control process uses an escape
gear (2-3 intermediate gear) which is not used under normal operating conditions. This is effective for expanding an
available range of transmission gear ratios and ensuring an ability to drive the vehicle.

[0284] Based on the above-mentioned logic, this process may be implemented by preparing a map for selecting an
escape gear in accordance with the state of the automatic transmission when a failure is detected.

[0285] <Abnormality identification control process and abnormality handling shift control process> The following de-
scribes a process of abnormality identification control, and a process of abnormality handling shift control which is
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performed depending on the cause of failure identified by the abnormality identification control process. These processes
are carried out at vehicle restart after the aforementioned escape shift control process is performed and the vehicle is
stopped. The abnormality handling shift control process is performed in accordance with a different logic from the logic
or map used by the normal shift control process. Specifically, the abnormality handling shift control process uses an
escape gear ratio set consisting of three escape gears which are beforehand defined for each abnormal engaging
element, and controls shifts among the three gear ratios in accordance with vehicle speed Vsp as a parameter. The
term "escape gear ratio set" introduced in this description may be generally used to represent a set consisting of a single
escape gear (gear ratio) or a set consisting of a plurality of escape gears (gear ratios).

[0286] FIG. 30 is a flow chart showing a process of abnormality identification control and abnormality handling shift
control provided in the first embodiment. As shown in FIG. 30, at Step 500, ATCU 20 judges whether or not a neutral-
state failure is present in the automatic transmission. When the answer to Step 500 is YES, the routine proceeds to Step
502. On the other hand, when the answer to Step 500 is NO, the routine proceeds to Step 501.

[0287] At Step 501, ATCU 20 judges whether or not the abnormal engaging element is already identified by the failure
identification process of FIG. 13. When the answer to Step 501 is YES, the routine proceeds to Step 524, at which ATCU
20 carries out the abnormality handling shift control in accordance with identification of the abnormal engaging element.
On the other hand, when the answer to Step 501 is NO, the routine proceeds to Step 506. The abnormality handling
shift control performed at Step 524 is defined as a control process to use three escape gears which are beforehand
defined for each abnormal engaging element, and control shifts among the three gears in accordance with vehicle speed
Vsp as a parameter. The shift control process for each abnormal engaging element of Step 524 is same as Steps 508,
510, 516, 522, or 523.

[0288] At Step 502, ATCU 20 judges whether or not first gear, second gear, or third gear is selected when the neutral-
state failure is detected. When the answer to Step 502 is YES, the routine proceeds to Step 503. On the other hand,
when the answer to Step 502 is NO, the routine proceeds to Step 504.

[0289] At Step 503, ATCU 20 selects an escape gear ratio set consisting of fourth gear, fifth gear, and sixth gear, and
drives the vehicle using the escape gear ratio set. As mentioned above, in case a neutral-state failure occurs in first
gear, second gear, or third gear, the cause of the failure is identified as the disengaging-state failure of low brake B2.
Accordingly, the selecting the set of fourth gear, fifth gear, and sixth gear as an escape gear ratio set which does not
use engagement of low brake B2 is effective for providing a driving torque and enhancing the driving performance.
[0290] At Step 504, ATCU 20 judges whether or not seventh gear is selected when the neutral-state failure is detected.
When the answer to Step 504 is YES, the routine proceeds to Step 505. On the other hand, when the answer to Step
504 is NO, the routine proceeds to Step 506.

[0291] At Step 505, ATCU 20 selects an escape gear ratio set consisting of first gear (normal drive range), second
gear (normal drive range), and third gear, and drives the vehicle using the escape gear ratio set. As mentioned above,
in case a neutral-state failure occurs in seventh gear, the cause of the failure is identified as the disengaging-state failure
of front brake B1, input clutch C1 or H&LR clutch C3. Accordingly, the selecting the set of first gear, second gear, and
third gear as an escape gear ratio set which does not use engagement of front brake B1, input clutch C1 and H&LR
clutch C3, is effective for providing a driving torque and enhancing the driving performance.

[0292] At Step 506, ATCU 20 selects normal drive range first gear as an escape gear and outputs commands accord-
ingly.

[0293] At Step 507, ATCU 20 judges whether or not the actual transmission gear ratio is identical to the normal
transmission gear ratio of 1-2 intermediate gear. When the answer to Step 507 is YES, the routine proceeds to Step
508. On the other hand, when the answer to Step 507 is NO, the routine proceeds to Step 509.

[0294] At Step 508, ATCU 20 selects an escape gear ratio set consisting of third gear, fourth gear, and fifth gear, and
drives the vehicle using the escape gear ratio set. As mentioned above, 1-2 intermediate gear is established by engage-
ment of low brake B2, first one-way clutch F1, and direct clutch C2, as shown in FIG. 19. On the other hand, when first
gear is selected, the applying command is outputted only to low brake B2. Therefore, in this case, the cause of failure
is identified as the engaging-state failure of direct clutch C2. Third gear, fourth gear, and fifth gear are established using
engagement of direct clutch C2. Accordingly, the abnormality handling shift control process using the set of third gear,
fourth gear, and fifth gear as an escape gear ratio set is effective for providing a driving torque and enhancing the driving
performance.

[0295] At Step 509, ATCU 20 judges whether or not the actual transmission gear ratio is identical to the normal
transmission gear ratio of second gear. When the answer to Step 509 is YES, the routine proceeds to Step 510. On the
other hand, when the answer to Step 509 is NO, the routine proceeds to Step 511.

[0296] At Step 510, ATCU 20 selects an escape gear ratio set consisting of second gear, third gear, and fourth gear,
and drives the vehicle using the escape gear ratio set. As shown in the speed relationship diagram of FIG. 9, second
gear is established by engagement of low brake B2 and 2346-brake B3. On the other hand, when first gear is selected,
the applying command is outputted only to low brake B2. Therefore, in this case, the cause of failure is identified as the
engaging-state failure of 2346-brake B3. Second gear, third gear, fourth gear, and sixth gear are established using
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engagement of 2346-brake B3. Accordingly, the abnormality handling shift control process using the set of second gear,
third gear, and fourth gear as an escape gear ratio set is effective for providing a driving torque and enhancing the driving
performance.

[0297] AtStep511, ATCU 20 judges whether or not vehicle speed Vsp is higher than a predetermined set speed value
Vspl. When the answer to Step 511 is YES, the routine proceeds to Step 512. On the other hand, when the answer to
Step 511 is NO, the routine returns to Step 506, repeating Steps 506 to 511. Set speed value Vspl may be set to such
a value as 10km/h, with which the identifying process using first gear as an escape gear can be completed.

[0298] At Step 512, ATCU 20 selects normal drive range second gear as an escape gear and outputs commands
accordingly.

[0299] At Step 513, ATCU 20 judges whether or not the actual transmission gear ratio is identical to the normal
transmission gear ratio of first gear. When the answer to Step 513 is YES, the routine proceeds to Step 514. On the
other hand, when the answer to Step 513 is NO, the routine proceeds to Step 515.

[0300] At Step 514, ATCU 20 selects an escape gear ratio set consisting of first gear, 2-3 intermediate gear, and fifth
gear, and drives the vehicle using the escape gear ratio set. As shown in the speed relationship diagram of FIG. 9, first
gear is established by engagement of low brake B2. On the other hand, when second gear is selected, the applying
command is outputted to low brake B2 and 2346-brake B3. Therefore, in this case, the cause of failure is identified as
the disengaging-state failure of 2346-brake B3. First gear, 2-3 intermediate gear, fifth gear, and seventh gear are
established without engagement of 2346-brake B3. Accordingly, the abnormality handling shift control process using
the set of first gear, 2-3 intermediate gear, and fifth gear as an escape gear ratio set is effective for providing a driving
torque and enhancing the driving performance. In general, an abnormality handling shift control process may be imple-
mented by providing about three gear ratios. In this case, 2-3 intermediate gear which is not used under normal operating
conditions is used to serve for the abnormality handling shift control process.

[0301] At Step 515, ATCU 20 judges whether or not the actual transmission gear ratio is identical to the normal
transmission gear ratio of second gear. When the answer to Step 515 is YES, the routine proceeds to Step 517. On the
other hand, when the answer to Step 515 is NO, the routine proceeds to Step 516.

[0302] At Step 516, ATCU 20 selects an escape gear ratio set consisting of first gear, 2-3 intermediate gear, and
seventh gear, and drives the vehicle using the escape gear ratio set. Since the actual transmission gear ratio is not
identical to the normal transmission gear ratio of first gear nor second gear, it is identified that the state where input shaft
INPUT is in an interlock state and output shaft OUTPUT is in a neutral state is established by engagement of front brake
B1 and 2346-brake B3 as shown in the speed relationship diagram of FIG. 16. On the other hand, when second gear
is selected, the applying command is outputted to low brake B2 and 2346-brake B3. Therefore, in this case, the cause
of failure is identified as the engaging-state failure of front brake B1. First gear, 2-3 intermediate gear, and seventh gear
are established using engagement of front brake B1. Accordingly, the abnormality handling shift control process using
the set of first gear, 2-3 intermediate gear, and seventh gear as an escape gear ratio set is effective for providing a
driving torque and enhancing the driving performance. In this case, 2-3 intermediate gear which is not used under normal
operating conditions is used to serve for the abnormality handling shift control process.

[0303] AtStep517, ATCU 20 judges whether or not vehicle speed Vsp is higher than a predetermined set speed value
Vsp2. When the answer to Step 517 is YES, the routine proceeds to Step 518. On the other hand, when the answer to
Step 517 is NO, the routine returns to Step 512, repeating Steps 512 to 517. Set speed value Vsp2 may be set to such
a value as 10km/h, with which the identifying process using second gear as an escape gear can be completed.

[0304] At Step 518, ATCU 20 selects third gear as an escape gear and outputs commands accordingly.

[0305] At Step 519, ATCU 20 judges whether or not the actual transmission gear ratio is identical to the normal
transmission gear ratio of second gear. When the answer to Step 519 is YES, the routine proceeds to Step 520. On the
other hand, when the answer to Step 519 is NO, the routine proceeds to Step 521.

[0306] At Step 520, ATCU 20 selects an escape gear ratio set consisting of first gear, second gear, and sixth gear,
and drives the vehicle using the escape gear ratio set. As shown in the speed relationship diagram of FIG. 9, second
gear is established by engagement of low brake B2 and 2346-brake B3. On the other hand, when third gear is selected,
the applying command is outputted to low brake B2, 2346-brake B3, and H&LR clutch C3. Therefore, in this case, the
cause of failure is identified as the disengaging-state failure of H&LR clutch C3. First gear, second gear, sixth gear, and
seventh gear are established without engagement of H&LR clutch C3. Accordingly, the abnormality handling shift control
process using the set of first gear, second gear, and sixth gear as an escape gear ratio set is effective for providing a
driving torque and enhancing the driving performance.

[0307] At Step 521, ATCU 20 judges whether or not the actual transmission gear ratio is identical to the normal
transmission gear ratio of third gear. When the answer to Step 521 is YES, the routine proceeds to Step 523. On the
other hand, when the answer to Step 521 is NO, the routine proceeds to Step 522.

[0308] AtStep522, ATCU 20 selects an escape gear ratio set consisting of first gear, second gear, and 2-3 intermediate
gear, and drives the vehicle using the escape gear ratio set. Since the actual transmission gear ratio is not identical to
the normal transmission gear ratio of second gear nor third gear and the possibility of the neutral-state failure of third
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gear is eliminated at Step 502, it is identified that an abnormal gear-ratio failure is present due to an interlock state. In
third gear, this interlock state is established by the engaging-state failure of front brake B1 or the engaging-state failure
of H&LR clutch C3. On the other hand, the possibility of the engaging-state failure of front brake B1 is eliminated at Step
516. Therefore, in this case, the cause of failure is identified as the engaging-state failure of H&LR clutch C3. First gear,
second gear, fourth gear, fifth gear, sixth gear, seventh gear, and 2-3 intermediate gear are established using engagement
of H&LR clutch C3. Accordingly, the abnormality handling shift control process using the set of first gear, second gear,
and 2-3 intermediate gear as an escape gear ratio set which is selected from the available seven gear ratios is effective
for providing a driving torque and enhancing the driving performance. In general, an abnormality handling shift control
process may be implemented by providing about three gear ratios. In this case, 2-3 intermediate gear which is not used
under normal operating conditions is used to serve for the abnormality handling shift control process.

[0309] At Step 523, ATCU 20 selects an escape gear ratio set consisting of first gear, second gear, and third gear,
and drives the vehicle using the escape gear ratio set. The foregoing steps eliminates the possibility of the engaging-
state failure and disengaging-state failure of low brake B2, the engaging-state failure and disengaging-state failure of
direct clutch C2, the engaging-state failure and disengaging-state failure of 2346-brake B3, the engaging-state failure
of front brake B1, and the engaging-state failure of H&LR clutch C3. Although the cause of failure is not completely
identified, at least the set of first gear, second geatr, third gear may be normally used without the influence of the failure.
Accordingly, the abnormality handling shift control process using the set of first gear, second gear, and third gear as an
escape gear ratio set which is selected from the available seven gear ratios is effective for providing a driving torque
and enhancing the driving performance.

[0310] Inthis embodiment, the cause of failure is identified by detecting the actual transmission gear ratio established
by releasing some engaging elements after detection of the interlock-state failure. However, in case an interlock state
is detected while drive wheels are brought to a lock state due to rapid braking, there is a possibility that the drive wheels
are held stationary before completing the detection of the actual transmission gear ratio. Accordingly, in case it is
determined at Step 501 that the cause of failure is not identified, the abnormality identification control process is carried
out in vehicle restart after vehicle stop in order to reliably identify the abnormal engaging element.

[0311] The following describes effects and advantages produced by the automatic transmission of this embodiment.
[0312] (1) An automatic transmission comprising: a planetary gear arrangement (GS1, GS2) including a plurality of
interconnected rotating elements (H1, S1, R1, PC1, S2, R2, PC2, S3, R3, PC3, S4, R4, PC4), and including an input
rotating element (INPUT) adapted to be connected to a driving source (EG) of a vehicle and an output rotating element
(OUTPUT) adapted to be connected to a drive wheel set of the vehicle; a plurality of engaging elements (B1, B2, B3,
B4, C1, C2, C3, F1, F2) each arranged to vary an engagement state among the rotating elements of the planetary gear
arrangement in such a manner to establish a normal gear ratio set and an emergency gear ratio set (1-2 intermediate
gear, 2-3 intermediate gear) excluded from the normal gear ratio set; and a control section (20) configured to perform
the following: selecting a gear from the normal gear ratio set in accordance with a running state of the vehicle under
normal operating conditions; controlling the engagement state of each of the engaging elements in such a manner to
shift into the selected gear; detecting a failure in the engaging elements; selecting an escape gear ratio set from the
normal gear ratio set and the emergency gear ratio set; and driving the vehicle with the escape gear ratio set when a
failure is detected in the engaging elements, is effective for providing a wide range of gear ratios to drive the vehicle
after detection of failures.

[0313] (2) An automatic transmission wherein the control section is configured to select the escape gear ratio set in
accordance with a state of-the detected failure which is represented by the selected gear, the actual transmission gear
ratio, and the vehicle acceleration, specifically configured to detect interlock-state failures, abnormal gear-ratio failures,
and neutral-state failures as shown in the flow charts of FIGS. 13, 18, and 21, and to perform shifting operation using a
set of escape gears which is prepared beforehand in consideration of the relationship between the state of failures and
the actual transmission gear ratio, including a gear such as 2-3 intermediate gear which is not employed under normal
operating conditions, is effective for promptly providing a set of escape gears without providing hydraulic switches and
identifying the abnormal engaging element using rotation sensors, enhancing the safety without cost-up and up-sizing
due to additional elements.

[0314] (3) An automatic transmission wherein the control section is configured to inhibit selecting a gear (1-2 inter-
mediate gear, 2-3 intermediate gear) lower in speed than a reference gear as an escape gear when a travel speed of
the vehicle is above a predetermined set speed value, for example, in case an interlock-state failure occurs in first gear,
second gear, or third gear as shown in FIG. 13, and in case an abnormal gear ratio failure occurs in sixth gear as shown
in FIG. 18, is effective for carrying out a fail-safe control process safely.

[0315] (4) Anautomatic transmission wherein the emergency gear ratio setincludes alow speed gear (2-3 intermediate
gear) which is employed when the vehicle restarts from a standstill after the failure is detected, is effective for providing
an adequate driving torque.

[0316] (5) An automatic transmission wherein the control section is configured to perform the following: detecting an
interlock state in which one of the engaging elements is incorrectly applied to hold the input rotating element and the
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output rotating element stationary; judging in accordance with the selected gear when an interlock state is detected,
whether or not it is possible to establish a gear higher in speed than a reference gear by releasing one of the engaging
elements needed to be applied to establish the selected gear; shifting into a gear higher in speed than the reference
gear as an escape gear when it is judged that it is possible to establish a gear higher in speed than the reference gear;
and shifting into a neutral state when it is judged that it is not possible to establish a gear higher in speed than the
reference gear, is effective for establishing an escape gear with no rapid downshift when it is possible to establish the
escape gear, to escape from the interlock-state failure, and to provide a driving torque, and thereby enhancing the driving
performance. The escape gear can be established by releasing only one engaging element, which enhances the ro-
bustness of the abnormality handling control.

[0317] (6) An automatic transmission wherein the control section is configured to perform the following: detecting a
travel speed of the vehicle; and applying one of the engaging elements (B2) needed to be applied to establish a low
speed forward gear, to establish an escape gear with engagement of the incorrectly-applied engaging element, when
the detected travel speed is below a predetermined set speed value in the case of shifting into a neutral state, is effective
for escaping from an interlock state by temporarily entering a neutral state when the vehicle speed is higher than the
set value, and establishing an escape gear when the vehicle speed decreases below the set value so that there is no
possibility that rapid downshift causes an excessive rotation or excessive braking of the rotating elements, thereby to
safely provide a driving torque.

[0318] (7) An automatic transmission wherein the control section is configured to identify the incorrectly-applied en-
gaging element when the vehicle restarts from a standstill after the failure is detected, is effective for reliably identifying
the engaging element even in case when the vehicle is rapidly stopped the actual transmission gear ratio is not detected
after the detection of the interlock-state failure.

[0319] (8) An automatic transmission further comprising a directional control valve (SV1) arranged in a hydraulic
system to selectively inhibit supplying a hydraulic pressure for applying one of the engaging elements (B2) needed to
be released to establish a first gear ratio set (fourth gear, fifth gear, sixth gear, and seventh gear), and inhibit supplying
a hydraulic pressure for applying another of the engaging elements (C1) needed to be released to establish a second
gear ratio set (first gear, second gear, and third gear); wherein when the selected gear is included in the first gear ratio
set and an interlock state is present in which one of the engaging elements is incorrectly applied to hold the input rotating
element and the output rotating element stationary, there is a gear higher in speed than a reference gear which is
established by releasing one of the engaging elements needed to be applied to establish the selected gear; wherein
when the selected gear is included in the second gear ratio set and the interlock state is present, there is no gear higher
in speed than the reference gear which is established by releasing one of the engaging elements needed to be applied
to establish the selected gear; and wherein the control section is configured to perform the following: detecting the
interlock state; performing a first process of escaping from the detected interlock state when the selected gear is included
in the first gear ratio set; and performing a second process of escaping from the detected interlock state when the
selected gear is included in the second gear ratio set, the second process being different from the first process, is
effective for eliminating the possibility of the engaging-state failure of one of the first engaging element and second
engaging element, and performing different escape control processes in accordance with the selected gear in which the
interlock-state failure occurred. Thus, a suitable escape control process is carried out in accordance with the state when
the failure occurred. Specifically, in the first gear ratio set (fourth gear, fifth gear, sixth gear, seventh gear), an engaging
element corresponding to each selected gear is released, while in the second gear ratio set (first gear, second gear,
third gear), the automatic transmission is brought to a neutral state and then low brake B2 is applied after the vehicle
speed decreases below the set value. Low brake B2 is applied only in first gear, second gear, and third gear, while input
clutch C1 is applied only in fifth gear, sixth gear, and seventh gear. If the possibility of the engaging-state failure of low
brake B2 is not eliminated, there is a possibility that a rapid downshift to a low gear occurs due to the engaging-state
failure of low brake B2. On the other hand, in this embodiment, the provision of first directional control valve SV1 eliminates
the possibility of the engaging-state failure of low brake B2 in fourth gear, fifth gear, sixth gear, and seventh gear.
This is effective for establishing an escape gear only by releasing one engaging element, to reliably escape from an
interlock state, and to provide a driving torque, thereby enhancing the driving performance. On the other hand, the
configuration that in first gear, second gear, and third gear, all the engaging elements are released temporarily and then
low brake B2 is applied after the vehicle speed decreases below the set value, is effective for preventing that under the
influence of engine braking, the drive wheels are applied with a rapid braking force, and for providing a driving torque,
ensuring an ability to drive the vehicle, and enhancing the driving performance before vehicle stop.

[0320] Although at Step 2056 the abnormal engaging. element is identified as one of front brake B1 and H&LR clutch
C3 in accordance with the presence of engine braking, the system may be configured to use an escape gear which is
established by engagement of both of them without such abnormality identification.

[0321] This application is based on a prior Japanese Patent Application No. 2005-287901 filed on September 30,
2005, and a prior Japanese Patent Application No. 2006-86883 filed on March 28, 2006. The entire contents of these
Japanese Patent Application Nos. 2005-287901 and 2006-86883 are hereby incorporated by reference.
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Although the invention has been described above by reference to certain embodiments of the invention, the

invention is not limited to the embodiments described above. Modifications and variations of the embodiments described
above will occur to those skilled in the art in light of the above teachings. The scope of the invention is defined with
reference to the following claims.

Claims

1. An automatic transmission comprising:

a planetary gear arrangement (GS1, GS2) including a plurality of rotating elements (H1, S1, R1, PC1, S2, R2,
PC2, S3, R3, PC3, S4, R4, PC4), and including an input rotating element (INPUT) adapted to be connected to
a driving source (EG) of a vehicle and an output rotating element (OUTPUT) adapted to be connected to a drive
wheel set of the vehicle;

a plurality of engaging elements (B1, B2, B3, B4, C1, C2, C3, F1, F2) each arranged to vary an engagement
state among the rotating elements of the planetary gear arrangement in such a manner to establish a normal
gear ratio set and an emergency gear ratio set excluded from the normal gear ratio set; and

a control section (20) configured to perform the following:

selecting a gear from the normal gear ratio set in accordance with a running state of the vehicle under
normal operating conditions;

controlling the engagement state of each of the engaging elements in such a manner to shift into the selected
gear;

detecting a failure in the engaging elements;

selecting an escape gear ratio set from the normal gear ratio set and the emergency gear ratio set; and
driving the vehicle with the escape gear ratio set when the failure is detected.

2. The automatic transmission as claimed in claim 1, wherein the control section is configured to select the escape
gear ratio set in accordance with a state of the detected failure.

3. The automatic transmission as claimed in claim 1, wherein the control section is configured to inhibit selecting a
gear lower in speed than a reference gear as an escape gear when a travel speed of the vehicle is above a
predetermined set speed value.

4. The automatic transmission as claimed in claim 1, wherein the emergency gear ratio set includes a low speed gear
which is employed when the vehicle restarts from a standstill after the failure is detected.

5. The automatic transmission as claimed in claim 1, wherein the control section is configured to perform the following:

detecting an interlock state in which one of the engaging elements is incorrectly applied to hold the input rotating
element and the output rotating element stationary;

judging in accordance with the selected gear when an interlock state is detected, whether or not it is possible
to establish a gear higher in speed than a reference gear by releasing one of the engaging elements needed
to be applied to establish the selected gear;

shifting into a gear higher in speed than the reference gear as an escape gear when itis judged that it is possible
to establish a gear higher in speed than the reference gear; and

shifting into a neutral state when it is judged that it is not possible to establish a gear higher in speed than the
reference gear.

6. The automatic transmission as claimed in claim 5, wherein the control section is configured to perform the following:

detecting a travel speed of the vehicle; and

applying one of the engaging elements (B2) needed to be applied to establish a low speed forward gear, to
establish an escape gear with engagement of the incorrectly-applied engaging element, when the detected
travel speed is below a predetermined set speed value in the case of shifting into a neutral state.

7. The automatic transmission as claimed in claim 5, wherein the control section is configured to identify the incorrectly-
applied engaging element when the vehicle restarts from a standstill after the failure is detected.
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The automatic transmission as claimed in claim 1, further comprising a directional control valve (SV1) arranged in
a hydraulic system to selectively inhibit supplying a hydraulic pressure for applying one of the engaging elements
(B2) needed to be released to establish a first gear ratio set, and inhibit supplying a hydraulic pressure for applying
another of the engaging elements (C1) needed to be released to establish a second gear ratio set; wherein when
the selected gear is included in the first gear ratio set and an interlock state is present in which one of the engaging
elements is incorrectly applied to hold the input rotating element and the output rotating element stationary, there
is a gear higher in speed than a reference gear which is established by releasing one of the engaging elements
needed to be applied to establish the selected gear; wherein when the selected gear is included in the second gear
ratio setand the interlock state is present, there is no gear higherin speed than the reference gear which is established
by releasing one of the engaging elements needed to be applied to establish the selected gear; and wherein the
control section is configured to perform the following :

detecting the interlock state;

performing a first process of escaping from the detected interlock state when the selected gear is included in
the first gear ratio set; and

performing a second process of escaping from the detected interlock state when the selected gear is included
in the second gear ratio set, the second process being different from the first process.

An automatic transmission comprising:

a planetary gear arrangement (GS1, GS2) including a plurality of rotating elements (H1, S1, R1, PC1, S2, R2,
PC2, S3, R3, PC3, S4, R4, PC4), and including an input rotating element (INPUT) adapted to be connected to
a driving source (EG) of a vehicle and an output rotating element (OUTPUT) adapted to be connected to a drive
wheel set of the vehicle;

a plurality of engaging elements (B1, B2, B3, B4, C1, C2, C3, F1, F2) each arranged to vary an engagement
state among the rotating elements of the planetary gear arrangement in such a manner to establish a normal
gear ratio set and an emergency gear ratio set excluded from the normal gear ratio set; and

a control section (20) configured to perform the following:

selecting a gear from the normal gear ratio set in accordance with a running state of the vehicle under
normal operating conditions;

controlling the engagement state of each of the engaging elements in such a manner to shiftinto the selected
gear;

detecting a failure in the engaging elements;

selecting an escape gear from the emergency gear ratio set when the failure is detected; and

controlling the engagement state of each of the engaging elements in such a manner to shift into the escape
gear when the failure is detected.

A method of controlling an automatic transmission comprising: a planetary gear arrangement (GS1, GS2) including
a plurality of rotating elements (H1, S1, R1, PC1, S2, R2, PC2, S3, R3, PC3, S4, R4, PC4), and including an input
rotating element (INPUT) adapted to be connected to a driving source (EG) of a vehicle and an output rotating
element (OUTPUT) adapted to be connected to a drive wheel set of the vehicle; and a plurality of engaging elements
(B1, B2, B3, B4, C1, C2, C3, F1, F2) each arranged to vary an engagement state among the rotating elements of
the planetary gear arrangement in such a manner to establish a normal gear ratio set and an emergency gear ratio
set excluded from the normal gear ratio set, the method comprising:

selecting a gear from the normal gear ratio set in accordance with a running state of the vehicle under normal
operating conditions;

controlling the engagement state of each ofthe engaging elementsin such a mannerto shiftinto the selected gear;
detecting a failure in the engaging elements;

selecting an escape gear ratio set from the normal gear ratio set and the emergency gear ratio set; and
driving the vehicle with the escape gear ratio set when the failure is detected.
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